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REPORT 


OF 'mE 

SECRETARY OF THE SMITHSONIAN INSTITIH ION 

Charles D. Walcott 

FOR THE YEAR ENDING JUNE 30, 1924 


To the Board of Regents of the SmUhsonmn iTistUution: 

Ge.vtijcmE:N : I have tho honor to mibmit herewith the customary 
Rtmual report showing the actmties and conditions of the Smith- 
E^njan Institution and its branches during th« fiscal year ending 
Jnm 30, 1024. Tho first 26 pages of tho report contain an ac¬ 
count of tho affairs of tlio Institution proper^ witli brief al'istracts 
of the work carried on bj the various brunches of the Institution^ 
while apiiendi^es I to 10 present somewhat more detailed summaries 
of the operations of the United States National Museum^ the Na¬ 
tional Gallery of Art, tlic Freer Gallery of Art, th* Bureau of Ameri¬ 
can Ethnotogy^ tlie International Ejcchangcs^ the National Zoologi¬ 
cal Park, tlie Astrophy^ical Ohsen^toiy^ the United States Kegional 
Bureau of the International Cntalogue of Scientilic Liieraturei tho 
Smithsonian Library, and of the publications of the Institution and 
its branches. 


THE SMITHSONIAN INSTITUTION 

THB ESTAnUBHMBNT 

The Smitlisoniau Institution was created by act of Congress in 
184(>j according to the terms of the will of James Smithson^ of Eng¬ 
land, who in 18215 bequeathed hia property to tlie United States of 
America “to found at Washington, under the name of the Smith¬ 
sonian Institution, an establishnieut for the increase and diffusion of 
knowledge among men.” In receiving the property and accepting 
the trust Congress determined that the Federal Government was 
without authority to administer the trust directly^ and therefore 
constituted an “estabUshment” whose statutory membetn are “the 
President, tlie Vice President, the Chief Justice, and the beads uf 
rhe escecutjve departments.” 
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THE noAim or regents 

The nlTairs of the Institution are administered by a Board of 
Regents Tvhose membership consists of ^*the Vice President^ the 
Chief Justice, three Membei's of the Senate, and three Members of 
tlie House of Eepresentatives, together with six other peraone 
other than Mem hers of Congt^ess, t^vo of whom shall be resident in 
the Cit^' of IVashington and tiie other four sliall be inhabitarita of 
some State, but no two of them of the same StatOn^' One of the 
Regents is elected chaJicvllor bj rhe toard; in the past the selection 
has fallen upon tlio Tice Prosident or the Chief Justice; and a suit¬ 
able person is chosen by them as secretary of the Institution, who 
is also secretary of the Board of Regents and the eiecutiTe officer 
directly in charge of the Iti^ilution’g acti^ntics. 

In regard to the personnel of the board, the following chauge^ 
occurred during the year: Through hb succession to the Presidency 
on August 2, 1923, owing to the death of President Harding, the 
Hon, Calrin Cotilidge automatically ceased to he a Regent, thus 
terminating his office as chancellor of the Institution, and to fill 
tlie vacancy tlius created, the Hon. William H. Taft waa elected 
chancellor of the board on December IS, 1023. Walter H. Kewton, 
Member of the House of Representatives from Minnesota, was ap¬ 
pointed a Regent by the Speaker of the House to fill the vacancy 
caused by the election to the Senate of Frank L, Greene. 

The roll of Regents at the close of the fiscal year waa as follows: 
William 11. Taft, Chief Justice of the United States, chancellor: 
Henry Cabot Lodge, Member of the Senate; ^fedill McGomiick. 
Meniber of the Senate: A. Owsley Stanley^ Member of the Senate; 
Albert Johnson, Member of the House of Representatives; R. Wal 
ton Moore. Member of tlie House of Representatives; Wolter IL 
Newton, Memljer of the House of Representatives; George Gray, 
citizen of Delaware; CharlBs F, Choate, jr., citizen of Mof^chu^ 
setts; Henry TiVhite, citizen of Wasihington, D* C.; Robert S. Brook¬ 
ings, citizen of Missouri: Irwin Laughlin* citizen of Pennsyl¬ 
vania; and Frederic A. Delano, citizen of IVashington, D. C. 

0ENER.1L CONSIDEftATlON^i 

In spite of the increasing difficulty in holding its own experienced 
by the Institution in late years on account of its meager resources 
and the increasing co^tsof maintenance, om of its primary functions, 
the diffusion of knowledge among men.^‘ is carried out with ever- 
Jnereasing scope, and its contact$ with various groups of people are 
oontimially growing in number. Of its 11 distinct Beriths of publi¬ 
cations, chiefly technical contributions to scientific knowledge though 
including some more popular papers appealing to the general trader 
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intertsTcd in the progress of soiertce, there are issued every year about 
ICK) volumes and pamphlets, of which there an; sent out iiearlj 
copies, A large proportion of this number go to libraries 
throughout the worlds where they are readily available to the public* 
aiid many of its publications are now standard works in various 
brandies of science- Besides this steady flow of publications, the 
Institution^ through the public cxliihits of tlie N^atiounl Museum* 
the National Gallery of Art, and the National Zoolo^ioal Bark. 
imparts an incalculable amount of knowledge on natural hiiftory, 
anthropology', art| and history to the hundreds of thousands of visi¬ 
tors from all parts of the country''who come to the Nation’s Capital 
every year. In late years also the value of the arts and Endustrics 
department of the Museum is becoming more and more appreciated 
by the public and by industrial organizations^ and tlie exhibits por¬ 
traying the scope of entire industries are being augmented at an 
increasing rate by the cooperation trade associations who ofsscnible 
these comprehensive e.vhi bits from a number of manu facto rare. The 
auditorium of the National ^Itiseum is ui^ed every year by a large 
i]iiinl>er of local and national scientihe and other societies for the 
dissemmmtioD of useful knowledge through conferenf^cs and lectures, 
and the scientific staffs of the Museum, the Bureau of American 
Etliuologyv and other branches of the Institution contribute I heir 
share in the program of the dilfusion of knowledge through scientific 
imd semipopiilar lectures^ both ofliciiilly and unofficaally. The archeo¬ 
logical excavations conducted in Florida during the past winter by 
the Chief of the Bureau of Amcricau Eihuology were known 
throughout Florida as thB “ Smithsonian excavations^' and attracted 
thousands of visitore, to whom Doctor Fewkes lectured several times 
each week on the prehistoric Indian inhabitants of the region. The 
latest addition to the Institution's program in the diIllusion of knowl¬ 
edge was the inauguration during tho year of a series of radio talks 
on scientific subjects presented in popular form, and the response to 
these was so widespread that the series will be continued with in¬ 
creased scope during the roming year* This program of dissemina¬ 
tion of knowledge in scientific matters Is carried on, as stated at the 
beginning, with the greatest difficulty because of the very limited 
endowment of the Institution, and were more menus at its despoil, 
the Institution w'ould be enabled to greatly expand its work along 
these lineSj as well as in its other fundamental purpose, the increase 
of knowledge through scientific research and exploration. 

Perhaps the most important development of the year in the In¬ 
stitution's affairs is the promising outlook for a building to houf® 
the growing National Gallery of Art* As noted in last year s re- 
j>orty Congress has provided a site in the Smitlisonian Park for such 
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builijlDg Wild funds obtained privately for the preparation 
of plans. Mr. Charles A. Platt ’sfas selected as the architect and at 
the close of the year the plans were well under way. In addition 
to this, Senator Lodge during the year offered an amendment to 
the deficiency appropriations bill which would have provided funds 
for beginning the erection of a building, but the amendment was 
not accepted. However, these developments indicate an awakening 
to the realization that America should no longer be practically the 
only civilized nation on earth without a National Art Galleiy', and 
it ia hoped that in the near future funds will be provided for a 
suitable homo for the valuable art collections belonging to the 
Nation. 

FINANCES 

The permanent in^-estments of the Institution consist of the 
following! 

l^apoalted la the TJfeaAury ol the United Stati c . _ _ 000 , OOO. 00 

CONSoLIeATED WTJyp 

MlBcellancousi BecaiiUcs, etc.p either imrcliaKed or aiMiuJred 

gift; coat or value at date acqolred__ ___ _ Si20.a0 

dmrl^ D. and Alury Vaux Walcott reacAreti ruod, stock (gift) 

ralni! ------- Il.KO.OO 

Tbe sums invested for each specific fund, or securities, etc., 
acquired bj are described as follows: 
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Dr, William L. Abbott has continued his contributions during the 
ye&T for researches in natural historj and collection of speeimena in 
China. 

Further generous contributions bn re been made by Mr. Jolm A 
Eoebling for researches in astrophysics, providing for aiding the 
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soliir observing stalioni? in Qiile and the United States^ for publica- 
lioa of scientific papers^ for purchase of LDstnuneDts, and for making 
tneteomlogical iiivestigntions elsewhere. 

Mr, Wasliington A. Hoebling has made a generous donation for the 
purchase of minerals. 

The Ifational Academy of Sciences has given the sum of $U500 
for researcluis in pnleontolog)\ 

nie Institution is also indebted to the Kesearch Corpoi-ation for 
Sl^50 for rcsi;‘arch work* 

Freer GolUry &f Art . — In complianca with tlie instructions of the 
Board of Kegcnts, a sinking fund for the* investment of surplus in¬ 
come from the Freer bequest has been created. The amount paid 
into tJiis fund during the year was $133^688.75. The invested funds 
of the Freer bettueat are classified aa follows: 

Carator'a fmid-—_ __ _825.50 

Coarl UDd grenade ftiad_ ______ __ !&TS,825.50 

Court and gmundi, p(ijiliiteniiai.ie __ €9,083. 75 

lUiaildaarjr logary_ ____ 2, 0iap232, 75 

Sinbla^ ____ _ __ _ _ _ __ 13®^ OftS, 75 

IVjlal --- --- -— Sp 442. m 25 

The practice of depositing on time, in local trust companies and 
banks^ sucli revenues as may be spared temporarily has been con¬ 
tinued during the past year, and interest on these deposits has 
amounted to $1]^014.5D. The income during the year for current es* 
penseS} consisting of intei^ on permanent inviestments and other 
mbcellaneous sources^ including cash balance at the beginning of the 
year, amounted to $72,558.59. Ttevenues and principal of funds for 
specific purposes, except the Freer hequc3st, amounted to $91,9I9 'k 99. 
Revenues on account of Freer bequest amounted to $284,440*50. Cash 
recalled from the time deposits, $34,000; aggregating a total of 
$432,025.08. 

The dUhursements, describetl moitj fully in the annual report of 
the executive committee, were dossed as follows: General objects of 
the Institiitionj $54,960.03; for specific purpo^ (escept tJm Freer 
bequest), $58,501.72; temporary advances for field expenses, etc., in 
excess of repayments, $4,130J2; expenditures pertaining to the 
Charles L. Freer bequest, $291,703.05; and cash balance on hand 
June 30, 1024, $13,565*16* 

The following appropriations were intrusted by Congress to the 
care of the Smithsonian Institution for the fi-Scal year 1924: 


IrtterantlocLEit _ _ _ . -. _ ^^,000 

American piti^rtTn^y ____ 44^ 

lateniutloEiat Cj|taloj:me of Seluntiflc IJfpratare*,^ _____ 7*000 

ABtronliy^lcitl Obiserv»tory_=^^ ______, 15,600 
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UESBAUCIIES AMD RXPl/OIlATIOMS 


Every year the Institution cnjmges, so far as its limited meatui 
will pormit, in csplorations and field work, and a few of these ex¬ 
peditions icill be mentioned here liriefiy to indicate the nature of the 
work accomplished. A number of other expeditions and lesenrches 
in various fields of science are destrilwd in the appendixes on tlie 
National Museum, the Bureau of American Ethnology^ the Astro- 
physical Observatory, and the Freer Gailerj' of Art, In a few cases, 
the entire expedition is financed and managed by tlie Institution, 
but tlic small amoiuit of income remaining each year, after the ad¬ 
ministrative costs of carrying on the work of the Institution ate met, 
is soon exhausted, and thereafter it is only possible to cooperate in 
1 arioiis ways in expeditiona financed by other scientific institutions. 

oeoukpIcal ExrijOR.vnosB IN THE canaoian aocttiisfl 


During the summer and early fall of 1023, your Secretary con¬ 
tinued his geological field work in the Canadian Rockies of Al¬ 
berta and British Columbia, His main oiijective was to secure data 
on tbo pre-Devonian strata from the Clearwater River southeast to 
the Bow Valley and along the eastern side of the C-olumbiu River 
Valley- 

It was found that the Mons formation which was discovered on 
tlie headwaters of the Saskatchewan River at Glacier Lake, extended 
southwesterly on tlie western side of the Continental Divide in Brit¬ 
ish Columbia to the southern end of the Stanford ilatigo betw'een 
the Kootenay River and Columbia Lake, which is nt the head of 
the Great Columbia River, wliich hero flows northwesterly in what 
is known as the Rocky Mountain Trcndi. Tlie valley of this latter 
river was found to be largely underlain by tlie limestones end shales 
of the Mons formation of the (JsMirklan s^'stem, and the strata have 
been upturned, faulted, and folded prior to the great pre-Glacial 
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periocl of erosion that out out the Itueky Moiintnin Troticb. On tlie 
cai^orn aide of this valley^ the Mens fonnation is moiu tlmn ^^^0 
feet in thickness in llie Beuverfoot-Briseo-Stanford Ban^^ and con¬ 
tains four iTell-dovelopecI fossil faunas ivhich show it to lie between 
the Upper Cambriaii and the Ordovkiiin ^ystetiiii of this and other 
parts of the continent, Jlcar the head of tlie Sinclair Canyon there 
was discovered a ^reat development of the Lower Ordovician;, and 
at several localities cliffs of msiasive Upi>er Cambrian limestones 
were rcco^ized beneath the Mons formation. 

This whole region is ideal for geological field work, as the numer¬ 
ous canyons and ridges es|MJse many of the fonnations from base to 
summit. On the wholej the season was a sucecssful one for Oh geo¬ 
logical results. 

EjCPEDrriON TO DI NOS A cm national MONUMKNT, ITT ah 

In iffty, 1923, Mr. C- W* Gilmore, cumtor of vertebrate paleon¬ 
tology, Sfatioim! Museum^ was detailed to take charge of an espedi- 
tion to the Dinosaur National ^lonument in northeastern Utah for 
die purpose of securing for exhibition in tho Museum a mountable 
skeleton of the large sauropotlous dinosaurt Dipl^docm* The fossil 
deposit in this itigion was discovei'ed in 1009 by Miv Earl Douglass, 
and has been worked continuously eince that tiiiie by the Camegie 
Museum of Pittsburgh, By 1922, the Carnegie ituaeum had secured 
sufficient material for iheir purposes, and the Institution was notified 
of tlieir intention to cease operations, leaving uncovered tw^o pai-tially 
articulated specinicns of /)iplodocti'^y a mountable skeleton of which 
has long been desired by tho National Muscuhl Mr. Gilmore ar¬ 
rived at the fossil quarry on May 15, and a preliminary snr\Ty shower! 
that one of the tvro skeletons would formi the basis of a mountable 
specimen while the preserved parts of the other w'ould serve ad¬ 
mirably to replace the missing bones of the first Regular work in 
the quarry began on May 24 and continued until August 8. Mr. 
Gilmore employed three men with experience in thie field, and was 
assisted after dune 5 by ifr. Norman Boss, of the Mtiseum^s 
paleontological force. Regarding the difficulties involved, Mr* Gil¬ 
more says: 

Th^ Wfirli of qttnrrji'liis th^r ofloa honea from the of rock 

without riolnj? Irreparable in a slow nnd tetHoujJ opemtloiL iDvolTin^ 

the Akin of both the staiie cnlter and the miner. Further dlEtlcillty ts eneoimtered 
In liandUng hy prlnittlve methods ihe Lmmeneo blocks (^f forts Liirtoaing tlie 
hones« wlUi die subsequent anluoiis w^ork of boxln;^ snO Irqntcportutlon, The 
lal^t block quarried, cnotalulns the saemtn wllli attuclicd lilp bones, welghea 
neiLrty 0,000 rounds when ready for alilptnentH Tlie tnmaiwrtntlou of the IwKeiS 
lo Uie railroad InvolveO a banl by teams of 150 taUea itcrass wnntry niiU over 
a rnnse of tnnuntnliis 0.100 feet atwve wmi level HoweveCi luflEe iMiica hnv. 
Inff a combined wel^jhl of over 25 tons wore mMy tfunHiiortotL 
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As u result of this expedition, enough mBteriai was secured, for a 
gootl skrietul mount of Diplod^cu* which, It is estimated, will exceed 
80 feet in length with a height at tlie hips of 14 feet. 


' niOLOGlCAL. ESrl>OfiATlOyS Ilf THE VASG-T4E VALlJiY, CHtJlA 

111 rough the continued generosity of Dr. W. L, Abbott, Mr. Churlea 
M. Hoy sailed for China toward the dose of 1922 to collect vc^e- 
bratos for the Institution in the Yang-Tae Valley region. His hist 
coUecting was done in the Yochow district, where be olitained a total 
of 109 mammals and 34 birds. At the beginning of the fiscal yeai 
just past, Hoy left for a trip through Munan and Kiimgsi, in the 
course of which many interesting specimens were obtained. From 
Kuliog, Kiangsi, a letter was received from Hoy, describing a senes 
of mis fortunes, as follows: 

Tije day after writing my luat letter to you, fres) Intngclinw tnever i^lredj. 

1 liud a bad flill and wiwncUeJ my tact For about a week 1 wm 

aeatrely able to crawl wboui. Just when my baen was settlas «> I could 
■truiiditfii UQ I had another Bccident and Bhot tbronph the left leg with 

tlie t olt 4!5 aniouintle. The Bcctdent was due to a “ hang fire.” The ruu iUd 
not go oK when Uie banuner struck and » I lowered the gun to eject Ihe 
shell when the stiell exploded. The bullet struck me on the laalde of the l^ 
4 Inches abete the ankle bone. ■ > * The wound Is healing nicely, hut the 

doctor Buys that It may be several months Imfore I set full use of my foot and 
tliat I will most likely hate a Blight permanent limp. However, 1 am hoplne 
that It won't toterrere with my wltoctlag, hut even If I won’t l«? oble to do 
much wnUcIng myself I have one maa who Is a crack shot with the shotgun 
aBd another that la fair wllb too rlllc. so I ought to be able to got specimens 
anyhow Jly trip down from Inlngihow was rather utwvetitfiU except for the 
above acfldents. We were under mtlltary guard all ilte way from there to 
Kulktane. The coonlry. » ««“'». ^ dtatwnded Xortherti soldlora who 

liAve driven out the tuulvas and oceupled their farma. Coiise«iuoiiily It 
doiumroua for even natives to travel through that reglun. The llnel ospluaa- 
tlon riven me. as to the reowa of the escort, woe that It was feared that my 
mi«s anil ammiinltlon might foil Into toeU- bonds. We were flred on oia o, la 
the niEht hut aside from a lot of shouting and that one shot, mailing htti»- 
nenod. W'e could never learn who flred the shot, but the wuy thinw* turiiod out 
I am convlmud that we were mistaken for baadlto uml the shot was tired to 
Kure US off Owing to the accidents. I have not been aHe to secure nay si>ech 
mens rince tJio writing of ay last letter. My outflt hmi not yet arrived owing 
lo the henry rains, hut ns soon ns It gets here i plan to imml my nicfl out collect, 
lag so t will bo able to get apcclmcim notwithstanding the fact that I am con- 

flned to the house- 

Tho gunshot woimd wns apparently hpaling, but while Hoy was 
still confined to the house he developed a Bcvera case of appendicitis, 
ating an jinmodiate operation, from which he never recovered. 


botanical EXFUOItxVnON IN TANAltA AN’T> CEXTHAL AHIUlICA 

Dr, William R. Sfnxon, associate cunitor of plants in the National 
Museum, was delailctl in 3Iay, li>28, to accompruiy an expedition 
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from the Department of AfrricuUnre to Panama and Central 
America. (Jnfortmmtely' rains interfered Beriously with field ^ork 
in Ixjtli Panama and Nicaragua, but in spite of this handicap, a gen¬ 
eral botanical collection of about 4,500 specimens was mad^ about 
equally dmded among Panama, Nicaragua, and Costa Rica. In 
his I'eport on the expedition, Doctor Maxon says: 

Aside frciin two dnj's given to collectlnB rn tUe Interertliig Juan Diaa region, 
rant of Paoamn City, work In rnnnmn wiia mnutly confinnl to the Cnonl Zone, 
helng conducted clileOy froia lieadquartera on the I'aclflc side, at Bfllb<sa. with 
tins courteous asstatiuicie of the Pounnia Canal aulhorltlea. Of particdlor In- 
ti'rest wore trips to Barro Oohmilo, rt largo wooded Island Jo Gatna iJikc 
opposite Frijoles. peecaily wt aside as a wild resen-e upon lapresentatiou of 
tlie Institute for Bewotcli In Tpoiiicnl America; the virgin fortsst region at Uio 
headwaters of Hie Rio Clilnllla. above Mdote Ltrlo: and the t'ort Sherman 
Military Reservation, which Lncludee tlio famous old Spanish strorfibold. Fort 
Snii Lorenso, at the mouth of the (IJliogie^ All these lacallitos are forcstfid 
and are rich In palnsA and sjiMlal attiaitlon was directed to obtaining niaterinl 
to this difficult greup. With the steady clearing of leased land for planting 
honatias the oriclnal foresi In the Canal Zone is rapidly dUappearlng, and with 
It Us chanictoristic palm assMlntlonA • • • 

About three weeks were spent In NleaWKiiii, wholly in Hie tvglon west of Lake 
Mearagtia pud mainly working frotu Managua, the capital, which lies pic- 
tntcsqnely at a new elevatioD 00 nillM Inland from the Pad He waat, flankwi 
by numerous volcanoes, Except for tlie volcanoes and the low range callctl the 
Slemi, given over io coffee production, western Ktearnguu la low and almost 
entirely denied of foKBt. Cane and graatng are the main Industries, The 
soil is laigely a rich black loum of volcantc origin, and aupiKirta a luxuriant 
growth of Inll grasses, the arborescent vegetation being mainly cenllned to 
roadsldea and abandonod “potrero." The roast Interesting trips were to the 
region of Casa Oolerade In the Sierra, and to Mombacho and Santlngu vol- 
canoes; The mu tori al eeJlected Indicates a rich flora for the hlglier mountain 
slopes, one that would amply repay extended explarntlon. 

From Corinto Buctor Uoxoa proceeded hy steamer ta Funtapeufta, the Pa- 
ellle port of Costa lUea, The ascent by rail from this port in the ssmiarld 
coaisriol iilutn to the capital, San Jos*, lying at na nltltuda of 1,H0 meters In 
the Opol me»et<t ocsfrol. Is through a region remarkably dlvcriso as to phyulog' 
rnpby. From S»a JobC* three principal trips were rosde: First, to La £talmn, 
a classical bntaiileal locnUty on the cloud-drcnchcd mMiihwcstcrti slopes of 
Im^ti volcano; nest to Snntn Clam hi the niountahis a fow leagues south of 
Cartogo; then to Vara Blanca lying blgb up in an almost unexplored region 
between the volcsnoe* Pofts nnd ISorha. Special ntteallan was here given to 
ferns and orchids, both gTonps being extremely nhundant both *9 to spwles 
and Individuals, and many new and Intjcrestlng species In these and other 
CTnupfi wurfl cftUwletJ^ 

m-DIia OK EARLY 51 AN IN EtTROPE 

During t}ie siminior and early fall af 1&23, Dt*- Ales llrtllifkai* 
curator of physical aiithropologyj Xational Musamn, revisited the 
important sites of early man In western and central EuropCj as well 
as the ifisti tut ions in which are pte^^rved the skeletal remains of 
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ancient man and the fossil European apes Burinp the trip Doctor 
Hrdlicka acted tis director of the American School in France for 
Prehistoric Studies, and was accompanied bj a number of American 
CTaduate students. One of the principal objects of the trip vvois to 
secure accurate measuremenU of the teeth, particularly the lower 
molars, of the larger fossil apes and early man by one observer, by 
a strictly defined method, and with accuruie instniinents. Another 
object was to take photographs of the various sites of early man of 
which good pliotograplis were not available. 

T!ie trip included visits to various re^onfi in England, Holland, 
Belgium, France, Germany, J^ohemia, Austria, and Croatia. In 
these countries practically all of the important sites were visited 
and as far as possible the skeietal remains of early man and the 
fossil apes in museums along tlie route were examined and measured. 
In niafiv cases ftSEistance was given by piominent anthr0|30logtsts 
connected with tJiese institutions in giving first-hand reviews of the 
knowledge concerning the specimens and sites, and sometimes in per¬ 
sonal conduct to tliD sites themselves. In Holland Doctor Hrdli^ka 
had the unique privilege of visiting Prof. Eugene Dubois, of liaar^ 
lem, and seeing the famous remains of the Pithecanthropus as well 
os the other Java remains in his posc^ession. Regarding the Pithe¬ 
canthropus remains, Doctor Hrdlicka says; 

The reouilDfl of* or those nttrlbiiiea to, the PltbccBotbropue cfinnUft of the 
now thfUYmghljr deiuiAcU BtuU-enp, n fetntir aod three leetb, two molura finU 
Ode premolor. Bestile* these there Is rrom ruaether locality a piece of a strange 
prlmlttre lower jaw, anJ also two okolU w ith mnny partfl of the sheletons of 
a Inter, fhoopb yet rather primitive, tyipe cf mod from cousalldated enlcaFecms 
dojK^film Id Btill another port of the islanil. 

The eiamlnatton of the orljUnnlo belopgldg to the Pllhotatilhmiims fSnU waa 
In many respects a reveJatJon. It woo deea that none of the cast? now Id 
TO riooB InAtltntlono nre amirnte^ and that the an me In tme oC the so far 
pnblisheil llluMtrBtlona, ubore nil those of the teeth and femnr. The orli^ddls 
nre even more Importatit Oina held hitherto. The new hraln east shoi^^ no 
organ Tery clo^ to bnmdn. The femur la without aaestlon human. IVhen the 
detdlled atody of mil tb(»^ iqwlmenB la puhltahed, which I>octnr Pahola expeoU 
to oeeur before the end of the wlnteTp the apeclmcna, though all coatrovorstiil 
points mny not bo aettictk wUl asanme even a weightier plnce In selence then 
they hare hod up lo the presionL 

^Ph& trip reMtiltod In an orerwhelmln^ soelbo of the greatness and Kclentlfle 
IzDportadce of the Held of early toan la wcatem nnd central Europe ftod lu a 
keen appreciatloa of the opportonJUas for eoapomUon lu this hold by Amerlenu 
stadents. 

SMlTHSONtAK SERIES OF RADIO TALK^ 

Begininng on October 19, 1923, arranpements were made with 
radio idation WRC, of the Radio Corporation of America, to broad' 
caiiL a series of talks on the Institution and its branches. These 
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were continued until Sovember 16, with such success that in the 
spring the conclusion was reached that there would 1» mutual ad- 
vanta^ to Uie Institution and to station AVRC m gii'inff a series 
of talks on scientific subjects. Accordingly there was established a 
re<rular Smithsonian period every Wednesday at 6.15 p. m., and the 
series was openeil on April 0 by a talk on «Tlie giants of the aninial 
world,” by Mr. .Austin II. Clark. This was followed by 10 others, 
the last one being given on June 18, when the program was discon* 
tinned for the summer months. 

This new means of carrying out the Institution's function of the 
diffusion of knowledge appears to highly effective, as indicated 
bv tlie number of responses to the talks received at the Institution 
Slid at the broadcasting station. The direction of the entire pro¬ 
gram was placed under ilr. Austin H. Clark, of the National Mu¬ 
seum, who secured the cooperation not only of the members of the 
staff of the Institution and its branches but also of the Cumegie 
Institution of Washington and of the various scientific bureaus of 
the Government whose work is oomplemeutary to that of the Insti¬ 
tution. Altogether there were given during the year IS talks in the 
Smithson inn seriesj ^ follows: 

The 5?ii)q.lUiHonian ItastItDti*u+ Aiistla H, Clfirk. 

The Wotk of the Smllhsonlan Obsienfiloryp C* G. Abbot 

The Bureau of EOmoloKV: What It la and WbMt It I)o«. by J. Wstier 

af Arts ftad laduatrle* of the Ualtea States NaUonal Muaeuin. 

by Cori w. illUniLiL . 

The nifitorlcal Collertionfl of the SmitbiWnlM litgtitutlon, L piled SUtea 

NhUoiuil Mosepni, by Thensdor# T., 

The National CrBllcry of An. by W, HI Iloliitesi. 

Tbe National Herbariam, by V. Coii'Ulo. 

The Giants nf the AnKmal World, Uy Austin H- dark. 

Little Felt* In Greenlimdp by EHsabetb D^khmann. 

The Natkiuil Zooloijleal Parity trader the dtiwtlon of the Smlthsoplaa Iiisti- 
tailop, by N. HoUhiter. 

UseM rinats frain AmeTka, by F. L, 

ShootinK Stars and V{%At They Are, hy Ceer^ie P. HenHll. 

ABlmnl Terror* of Pa&t Dl&osmira. by Cbarlea W. GHmore. 

Surveylui: the Cknan urlth the Non-Mnenetk Vacht CaTneg1&- hy J. P. Ault, 
of the CnmcGlG limtltutloDi- 

pTiiUrttiii of native Indlnn raoslc arrhiaged hy Hte Frniatjes UetaamorE. 

l.iiiTte Goine AnlninlAof North America^ by B. W. Nelson^ Chief of the Hureftti 
of Blolosl^ral Surrey. 

Flyini: AplEnnla, by Apstln H. Clark. 

Atmcmphcrli: Electricity. Iw D. J. Mauclilr, ef the Comegle lEwtltntlen. 

The interest sltown in these informative radio talks on scientific 
matteta and the vast audience which it is pt^iblc to reach through 
the microphone make it apparent that this is destined to become a 


12 AKKUAi. H^poax BiktmisoiJtAK ixsxrruxiON^ i&24 

iiio$t iniportarit phase of the Institution's work in cliJTu^iing know!- 
edge^ and it is intended to renew the series with increased scope in 
the full 

ASSISTANCE) TO JAFAISTIISE LIBRAHrES DESTItOTEO DURINd TIIE 
REGENT EARTHQUAKE 

The recent disastrous earthquake in «rapAii destroyed largo colioc- 
lioi^ of boohs in msiiy of tlie Japencise libraries, including the entire 
collection of 700^000 volumes in tlie libraiy of the Imperifi] UaiTer- 
aity of Tokyo. During the year an appeal was received in this 
country from the Japanese As^iation of the Iveague of Nations for 
books to replenkli these unfortunaLe Ubraritss, especially those of 
univerBities and colleges. Tlie Inslitiitjoti made up as nearly ns pos¬ 
sible compile sets of its own publications and forwarded them to a 
Dumber of the Japanese libraries* the volumes and pamphlets thus 
sent totaling several hundred* In addition* the International Ex¬ 
change Service of the Institution served as a ccntial forwarding 
agency for tlie other American institutions desiring to contribute 
their publications, and during the year several large consignments 
containing many thousands of publications were transmitted to 
Japan. 

GOOFERATiON WtTIi ORGANIZATIONS MEETING IN WASHINGTON 

There has bcea during tlie year an unusually large number of 
inectings in ■Washington of scientide or other organizations whose 
work has been in soma way nclatcd to that of the Smilhsonian. In 
providing an auditorium in die ^luscnm for these meetings, and 
tliroiigh the assistance given in various ways by the scientific and 
administrative stall* the Institution has been able to render n real 
service in promoting scientific work and discuggEion. To illustrate 
tlie appreciation of this servico by organisations taking advantage 
of these facilities, there may t>e mentioned thi"©e important meetings 
held during the year. The American Association of Museums held 
its nineteenth annual meeting In Washington May 10-13, most of 
the sessjons being held at tlie National Museum* After the meeting 
the secretary of the association wrote to the Institution in part as 
follows: 

Tlie rarce^a of the nlneteeath Oiuiunl mcetlaj? ot the AnterZean Asa^l^tEoD 
of Masenma was doe tn coDB^ii«rablQ part to the hcvpltAllly of the ^nUtlLSc^ulaii 
ipjitttiitlDn and the friendly help of many ludlvIdDiUa on Its Blaff. 

At tlie clcse of the finit National Conference on Outdoor Kecrea- 
tion* held, m Washington in June, the following re^lutions were 
passed r 
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WhtreHa the Access of lhl$ Qrs-t NAtloilAl COnfori^cO' on Ontdoof Rocrontion. 
U tliiifr In tneostue to the very fihe serrice® Bud Cacllitlo^ made uritllable 
by the ofneerfi of the SnEthoorilaD liuitJttltkin axia the Natlomtl Mttseniu. who 
huTpi been nhtlrliig In thelf elTort# to promoto the (jonifort on-d oont^enlohco 
of the {Jolrsittes to the confenmee: Therefore be it 

l£««oZred, That the conference hereby Ita eLno^e apprecintloti of 

Uie spH-[t of oordUl JiospRnllty illepliiyiH] by the offiom and employee^ of these 
fireat scion dflt and edacatJonai n^rendes nnd requo^ts its executlvo chalnniin to 
60 adrlse Dr. Charles Wnlcott, Secretory of the Smithsonian IcatltnUoci^ 
and bis oOldhl nitsoclnles. 

The odinuai meeting of tlie XatiODal Aeudemy of Sciences, which 
has for mMiy yoJttH been lield in the KatiotinJ MuscuraH, was held this 
year for the Hi'st time in the ncadeiny's new building. The follow¬ 
ing resolution passed during the sessions expresses appreciation of 
the eerrices which the Xnstithtion has been able to render to the 
academy in the past: 

That on the occaafon of rhe removal of its offleoa from the Smiths 
fuynUm InatStudoa to its new haUdlng, the NatJonal Acaclemy of Scleiices 
^mcef^ily espresso Its ohliRntlona to the Secretary and (ho Board of RegontB 
of tho Sm-llhsonfaji for ihe conrtesleo extended for over half n 

century through tlie honking and care of the academy records nnd nbrary, 
througb Jla enuiH^ratJon In the enndnet of academy bnsdnes^ nad through JJa 
cdectlve aid In promoUn^ the objeeta of the academy : 

And timt the neademy expressly ncknowledgea its high eateem nnd ibnnka 
to the Secretary of the J^mlthgonfan Iiiscltutloii. Charles DfioUtt^c Wnleott, 
for his personal Inldref^t In iLio welfare of the academy, his unfaiUn^ Interoi^t 
In and atlentlDU lo the work of the bcadumy la the ndrane^icnt of BcJeneei 
and tila dlBdngaijdied Borvlcea is trenanror, vice president* acting proGhloah 
president;, and membor of the cOuncU and oomiuJttoeai, bolb otllelal and tin- 
pQielah In tin bebaLf^ 

PUBLICATIONS 

Thera were issued darinff the j-ear hy Oie Institution aiiiJ ite 
broaches a total of TO voluiscs and pumphtets, of wliicli 143,3^ 
copies were distributed, including 4fiT volumes and Bepamtes of the 
isniithsonian Contributions to Knowledge, voliimes and sepa* 

rates of the Smithsonian l^Iiseellaneous Collections, 19,085 volumes 
and separates of the Smithsonian Annual Reports, a,743 Smitlvsonian 
s^>eoial publications, 78,734 volumes and separates of the various 
scries of the National JIuscum publications, 13,974 publications of 
the Bureau of American Ethnology, 78 publications of the National 
Gallety- of Art, Go volumes of ihc Annals of the Astrophyaical Ob¬ 
servatory, 35 reports on the Harriman Alaska Expedition, and 
1,275 rcjwrts of the American Historical Asiociatlon. 

Tiio publications of the Institution, now issued in 11 distinct 
Bent'S, are its principal means of carrying out a part of its stated 
purpose, ^ the diffusion of knowledge,” Tliere is a widespread and 
growing demand for its publications, not only from specialists for 
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the more t^ichnicttl siams, biit also from ilie general publk^ amoiig 
nrhom the importance of scientific matters is commg to be more 
and more rcaliSEcd- Tliis popular demand is chiefly for the Smith¬ 
sonian Annual Beports, which contain a general appendix consisting 
of series of specially selected articles presenting in readable form 
progress and interesting developments in all bnuirties of science, 
LTn fortunately I owing to the rusli of work at the Government Print¬ 
ing Office both during the war and abce, tliese volumes have fallen 
behind date* until now they are issued over two years late. How¬ 
ever^ for the coming fiscal year, Congress has allotted an additSonal 
amount to enable the Inrtitntion to eatch up witli these reports by 
issuing two in one year, and it is hoped that within a year or two 
they will again appear more nenrlj on time* 

The various publications of the National Museum and of tlie 
Bureau of American Ethnologv are given in detail in tlic report on 
publications appended hereto. 

In the series of Smithsonian ifiii^eltajieous Collections 13 papers 
were issued during the yearj among which may be mentioned two 
papers by your secretary on the results of his geological field work 
in tlie Ciinadian Rockies; an iliustr&ted pamphlet on the TIi5story of 
Electric Eight, by Henry Schroeder, of the General Electric Co*; 
a paper on the Tele^oping of the Cetacean Skull, by Gtrrit S. 
Miller, jv.j of the National Museum; and a second paper by Dr. 
J, Walter Fewkca describing and figuring the beautiful designs on 
preliistoric Indian pottery from the Mimbres Valley, N. Me.v. 

AUotmcjd^s /or —^Tlie eongre^ional alLotments for the 

printing of the Smititsonlun reports and the various publications of 
the branches of the Institution were practically used up at the close 
of the year. The appropriation for the Institution and its branches 
for tlie coining year ending June 30, IJ195, totals $90,000, allotted as 
follows t 

Anna-Ill Kepnrt of llie &iaira of Iteernls of the Smklifloiilitii Institutlnn- ^22,000 
XttlSOnal MoHOlit -- -- -—-- 37,000 

nniwflu of American EUinoloe^r^ . —--- 21,000 

NaNonnI Oollerj of Art --------^- hOOO 

ICLtemntiofial Escimai^ _..,--- 200 

rnteniatlnmil Cutalgfirae of Si-ientiac Literatute.. -, 100 

NatloiiLil Z*oloi5ieai Pnrfc--. ------- 300 

AstTorliysSoil OtHervaiory— ----- 300 

Annual Reiwrt «£ tlie Anierlcaji H^ilurleul AsscieUtloa.— - - T.ODO 

prmlin/^ d'fui — The Smitlisonian aci- 

visorv committee on printing and publication considers all manu- 
scripts offercti for publication by the Instituiion and ils branches 
and makes recommendationa tlicroon t* your secretary. It also 
considers matters of pnbUcalion policy and means of effecting econ- 
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omies in tlic Institutjnn'i? printlnj^ and bindlog. During the y^^r 
nine meetings were held and 100 mnatiscripts acted upon^ The 
membership of the committee is ns follows; Dr* f^nhard Stejneger* 
head curator of biolcjgr^ National Museumt chaimian? Dr. George P. 
Merrill^ head curator of geologj^ National Museum; Dr. J. Walter 
Fewkes, chiefs Bureau of Amcricaji Ethnology; ilr. N. Hollister, 
superintendent, National Zoological Park; and Mr* W. P, Tme^ 
ixUlor of the Smithsonian InstitiiUon^ secretary* Toward the close 
of tho year there were added to the membership of the committee 
Dr* Afareus Benjaoiiti, editor of the National Museum, and Air. 
Stanley Searles, editor of tlie Bureau of American Ethnology. 

librahy 

The service of tlio libraries admini^cred under the Smithsonian 
Institution has been continued, altlioiigh with iucro&sing diflicuUy 
owing to the need for more assistants. Air. Paul Brockett resigned 
as assistant librarian, after 37 years with the Smitlisonian InstJtu- 
tion» in order to assumE^ charge of the now building of the National 
Academy of Sciences as uBsis^ant secretary and librarian. 

The additions to the libraries reached a total of 12^49^ aa com¬ 
pared with 10,933 the past yefer^ The number of loans was 13,32G| 
as compared with 12|07t> the past year, eJtchisiva of boolcs lent from 
the Smithsonian deposit in tlio Library of Congress. Efforts to 
secure missing parts for including in incomplete seta rcsulled in the 
receipt of IJSS* Owing to the lack of sullicient clerical helpi it 
has not been posaiblo to have typed for the general library catalogue 
the catalogue cards of specint collections that have been prepared 
during the yean ^Consequently the nuniber of volumea catalogued 
for tlio general catalogue dropped from 6,341 to 5,348* 

Probably the most important addition of the year was the Edgar 
E. Teller collection presented by Airs. Teller to the library of the 
United States National Museum. The catalogue of the European 
Historical Series of the AVntts de Peyster collection is approaching 
completion, 

NATIONAL ARTSEUAI 


Since I9IG the collections in the care of tlie Aluseum have been 
increased by two and one-fourth million specimens, and its 'e^thibi- 
tion space hais been enlarged by the addition of the Aircraft Build¬ 
ing. Unfortun^telVs however, the appropriations have not kept pace 
with this rapid development ntid it is now only with the greatest 
care and economy that the actual work of the safe-keeping of the 
collections and their classiheation and exhibition is carried on* 
There is practically nothing left to cara for the normal expansion 
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of the Museum-a work ^nd for increiising its u^fulnc^ to the people 
of the country* The Moseum^ '"'itb its vest colkctions^ serrcs the 
public not as it would and could but as ita limited litiancial resources 
porinit* One forward step ha^ been made, liowe'irerj in the rociassi- 
iication of salaries which becomes effective on July I 5 1024^ and as 
a whole the scientific forte of the Museum is at last to receive ade¬ 
quate compensation. 

The outstanding feature of tlie year wna the gift to the Nation 
for exhibition in the National Museum of a complete American 
colonial room, predated by Mrs. Gcrlrudc D. Ritter* of Washington^ 
D, C- This notable gift includes waU paneling from the old Bliae 
homestead at Springfiddt ^lass.jRnd a remarkable collection of fur¬ 
niture* china, glasswnre, pewter, pictures:^ and textiles belonging to 
the same period of early American historj', Tlie room is set up and 
arranged in ono of the Jluscutn rooms exactly as it would have 
appeared in % colonial home of tlie period of about 1750. 

A program of intensive work on the development of the Locb col¬ 
lection of chemical types was mode possible this year through the 
accnicd interest on the Li>eb fund- A curator of the collection was 
appointed and the advisory committee reorganized, and it is ex¬ 
pected that in a year or two the \’Ulue of such a type series of chem¬ 
icals will be amply shown. 

The Museum received during the yenr specimens, a notable 

increase over last year in niim 1 ?ers and also in scientific value. 
Over 8,000 duplicate specimens clarified and labeled wore dis¬ 
tributed for educational purposes to schwils and colleges. A some- 
wdiftt detailed account of the aecc-ssion-s in the various departments of 
the Museum is given in the report of the administrative assi^dant in 
charget and only a few of the more notable acciuisitions will be men¬ 
tioned hero, Iri anthmpology a noteworthy collection of ethnological 
material from the Philippines, made by the late Capt. E. Y. ilider, 
wa,'? pnisented by Mi“s, Florence G. hliller, and a number of speei- 
mens representing Kcveral Indian tribes of South America was the 
gift of Dr. D, S. Bullock. A valuable series of unique ancient 
earthen ware IkjwIs from the Mitubres Valley, K, Mex,, was pre.scnteJ 
by the Bureau of American Ethnology* A series of prehistoric 
atitiquities froiu ancient sites in France, Belgium, and Germany was 
added by Dr, AleS Hrdli^ka os the result of his recent trip to 
Europe, 

The collections received in biology greatly surpass tho^ of rej:?eiit 
years both numerically and in scientific importance, the latter point 
being enipbaaized by the addition of a large number of species and 
genera new to the Miisciim, muiiy gaps in the collection^j having been 
filled. The oufcdanding necesnon of the year h the gift by Dr. 
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J, M. Aldrich, associate curator of insects^ of his colloctiou of 45^000 
specimens of dipterous flies, the result of his lifers ooHectm^ and 
study. Considerable collections were rctwivcd from Bev. D. C. 
(iralmm, made during his explorations in the Pro^-ince of Saechwati^ 
China. Dr. W. L. Abbott secured a largo number of plants, reptiles, 
and amphibians during an expedition to Santo Domingo. The 
National Herbarium was greatly enriched by three expeditiona to 
tropical America, that of Dr. A. S. Hitchcock to Panama, Ecuador, 
Peru, and Bolivia; of Paul C. Standlcy to the Canal Zone and Costa 
Rica; and of Dr.’VVifljani R.Maxon to Panama, Go.^ Rica, and Nica¬ 
ragua. The research work of the staff of tho department of biology 
has been continued whenever time could be spared from the neces¬ 
sary work of caring for the increasing collections, but tbs divisions 
are greatly undernumned and much more scicmtifle work would be 
acocimplished if more assistants were available. 

Tho department of geology received a large amount of materia! 
of unusual value for both exhibition and study purposes, the most 
noteworthy accessions being the large sauropodoufi dinosaur from 
the Dinosaur National Monument, Utah, and the Edgar E, Teller 
and George M. Austin collections of fossils, which together ctmpriBe 
at least 13n,000 specimens. The economic collections have bceti in¬ 
creased by the addition of a number of ores and by a scries of 
diamond-bearing rocks from Arkansas. Meteoric irons from New 
Mexico* Kansas, Chile, Spain^ and Australia added new material to 
the meteorite collection. Tho mineral collections received a number 
of specimens chiefly through the generosity of CoL AVashington A. 
Roebling, and several cut gems were added to tha Isaac Lea collec¬ 
tion. Expansion of the study series and research work occupied 
much of the time of the curators and their assifitants. 

The divisions of mineral and mechanical technology received many 
intcET^sting additions, including two automobiles presented by the 
Cadillac Motor COp, one made in ilKKi and the other in 1923, the 
latter being cut away in cross section to show the working parts. 
Another valuable accession was a complete working unit of a 
Strowger automatic telephone s^^stem e<|uipped with three teiephunes 
which can he operated by the visitor, thus enabling him to ob$er\'e 
the functioning of die apparatus. Tho division of textiles, includ¬ 
ing also wood technology, organic chemistry, fooda, and medicine, 
received over 3J00 specimens during the yoar, including large 
series of industrial specimens illustrating every branch of rubber 
manufacture, the manufacture of leather and shoes^ and tho prepara¬ 
tion and dyeing of seal, muskrat, and rabbit skinSn Thero were also 
accessioned many cbemic&l materials used In various industries, a 
number of interesting textiles, and material of value to be added 


18 


AKNt'Ali HEPORT SMlTIiaOSTAN 1 JfSTlTUTlOlf^ VW-I 

to the exhibitions in the division of medifline. Tlie division of 
ffrophic arts received numerouft additions pertaining to the history 
and dcvelopuicnt of the printing art and held a number of suc¬ 
cessful exhibitions of prints, etchings, lithographs, and photographs. 
Ill the division of history the roost notable addition was the Ameri¬ 
can colonial room presented by Mrs. Gertrude D. Ritter, mentioned 
previously in this summary. The division also received a gown worn 
by Mrs. iVarren fr. Harding and another worn by Mrs. Benjamin 
Harrison to be added to tiie collection of costumes of ladies of the 
White House in which so much popular Interest is shown, 

Tlia Museum participated in a number of field c-xp^itions which 
have resulted in greatly increasing the collections in the vitrious 
departments. Tliesc are descrilwd in tlie report on the Museum up- 
pended hereto. Tim auditoriiun wiis used by a large number of 
scientific and other sneieties and organisations for lectures and 
meetings. Visitors to the Natural History Building during the 
vear totaled M0,T7G; to the Arts and Industries Building, 300,012 1 
to the Aircraft Building, 43,5»4; and to Llic Museum eshibiis in the 
Smithsonian Building, 104,601, Eight volumes and U separates 
were published by the Museum during the year, and of these 7S,7a4 
copies were distributed. 

NATIONAL GALLERY OF ART 

Tlie year has witnessed substantial advance in the work of tlie 
gallery , and a number of important art works wore received notwith¬ 
standing the fact that there b no longer suitable space available 
for tlic display of additional exhibits. Constant effort has been 
made during the year to impress upon the country the urgent need 
of a National Gallery Building, and gratifying assurance of tJie 
awakening of pnbliu interest in national art is given by the intrO' 
diiction in tlie Senate by Senator Ixalge of an amem^ent to the 
deflciency appropriations bill lo provide for commencing the erao 
tion of a suitable building for the gulleiy. Although this amend¬ 
ment did not pass at the last session of Congress, it is hoped that 
favorable action will soon he taken. It will be recalled from last 
years report that Congress has provided a site in the Smithsonian 
grounds for such a building and that funds were raised privately 
for the preparation of plans. At the close of the year ilr. Charles 
A. Platt, tlie architect sclectwl, had the plans well under way. 

Tlio annual meeting of the National Gallery Commission was held 
on December 11 and a number of important topics were considered, 
including the problem of securing a National Galleiy Building, a 
recommendation that a division of historical architecture be included 
in the National Gallery of Art. and the selection of an architect for 
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tbe propose! buHdiiig. Mt\ Gari Melcliers was elected to succeed 
Mr, Daniel C. Frencht who had resigned cliairnian of the 
eoDuuissioiL 

Fermanent accessions to the gallery for the year were limited to 
about 10 paintIngSj but ifrs. Halpiv Cross Johnson deposited a 
coUeotion of il cjirly Christian paintings by Italian^ Dutch, Flem¬ 
ish, and Spanish uinsters, and has indicated her intention of making 
the “deposit” a permanent addition to the gallery. A number of 
loans were accepted during the year, and the gallery in turn loaned 
a number of paintings to accredited nrt institutionB. Tliree special 
exhibit ions were held in the galleiy during the year, and tlie World 
War i>ortrait collection was installed in an improvised gallery on 
the second floor of the Natural History Building of the National 
Museum, wltich proved to be quite satisfactory for their exlnbition. 

FREER G.\DLERY OF ART 

Work compleled during the year inchidcB the examination, cla^i- 
Heation, and cataloguing of Chinese and Japanese stone sculptures 
niid paintingSj and much additional work has been accomplished In 
tlie preservation, framing, lettering, and mounting of paintings, 
etehingS] and lithogiaphs. Identification photograplis have been 
made of many objects in the collection to provide ready reference 
and to save handling of the collections. A special exhibition of 
Whistler etchings, dry points, and lithographs was held in four of 
I he galleries during January and Fehruarj'. Fourteen hundred gal¬ 
lery lK>oks describing the objects ou exhibition have been prepared, 
and there have also lieen issued a Synopsis of History for the vise of 
students and a third printing of the pamphlet giving general jufor- 
umtion al>oiit the gallery and collections. 

Additions to the collections by purchase inrliided Chinese bronzes. 
Indian paintings, Persian paintings, and Cliine.'^ sculptures, and the 
library was increased by the addition of a number of books and 
pamphlets in various Asiatic and European languages. Several 
cases, picture frames, and otlier necessary' articles of equipment were 
constructed in tho gallery workshop. 

The total attendance for the year was 111,942, Including 4S2 visi¬ 
tors who Clime to work in the study rooms or to examine objects not 
on exiiibition. TJie auditorium of the gallery was used in Fehniar)" 
by the iJbrary of Congress for the presentation of three recitals of 
chamber music, and in April, Prof. Paul Pelliot, of the College de 
France, gave an illustraled lecture on “Chinese bronzes, jEkdes, Eind 
strulp^ures.'^ 

Tlie orcbeological expedition to Cliina under the joint auspices of 
the gallery and the Museum of Fine Arts, Boston, has carried on 
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fruitful investigations in various localities in China^ latterly at 
Yu‘ho ChSn, in Honan, ivhere some burials of the Han dynasty have 
been thoroughly investigated with gratifying results. Even more 
imijortant is the coo [>ens live agreement vrith regard to archeological 
investigation established between the gallery and the Climese au^ 
Lhorities. which was confirined by the unsolicited appointment of 
Mr. Bishop as Honorary Adviser in jiVrcheolog^' to tlie Historical De¬ 
partment of the Chinese (.Tovemment. This is the fir^ definite effort 
of the kind to bring Chinese arelieologists and officials together in a 
beneficial relationship with western archeologists and museums, 
which it is hoped will provide n basis for more enlightened scholar¬ 
ship and gradually s^npplant the ruthless and unscientific collecting 
of Chinese anticpiities on a eonunercial scale ag Itiilierto allowed. 

BUKEAU OF AMERICAN ETHNOLOGY 

The aim of the Bureau of American Ethnology h to discover and 
disseminate correct ideas of the Indian as a racej that onr people 
may better understand and appreciate hia history, language^ soci¬ 
ology, music, religion, and various aits and industries* The sources 
of this informatian are from v'ear to year becoming fewer and fewer 
AS the customs indigenous to America are lost in the settlement of 
the former homes of the Indians by the white race. It is therefore 
imperative that intensive work be carried on by the staff of the 
bureau to record accurately as much as possible of this material from 
the Indians themselves before it is too late, 

Ttie greatly increased number of visitors to the national parks and 
Indian reservations of the Westerii States, due to the present popu¬ 
larity of automobile touring, has led to a desire on the part of the 
general public for more information on the bbtory and customs of 
the Indians, and urgent calls from universities end olbcr institutions 
for advice and assistance in local problems relating to the Indians 
have been more numerous than ever before. Tlie bureau’s most effec¬ 
tive means of supplying this information and answering the^ calls 
IS its unique series of publications on every phase of Indian hfe and 
culture. With the greatly increased cost of printing and the very 
limited funds for the purpose placed at the disposal of the bnrean, 
there has resulted a very unfortunate congestion of manuscripta 
nwaiting publication. It is usually two or three years after a report 
is handed in by a member of the staff before it can even be sent to 
the printer, which not only results in difficulty in supplying the 
requests of the public but is very discouraging to the scientific staff 
who are carrying on this work, 

A large proj>ortion of the time of the chief of the bureau is de¬ 
voted to administrative work, but op^xirtunity was found to carry on 
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nn archeological expedition to southweatem Florida^ T^'hons but littio 
work of this diRntcter lias previously been doue^ With the aid of 
Mr. E. JL Elliott and his nssocinteSi of St. Petorslmrg;, Doctor Fewkea 
be^an the excavation of certain large ahell mounds on Wceckn I^lanid 
near St* Petcrelnirg. One of the largest mounds proved to be a ceme¬ 
tery, and from Noveml>cr until ^larch about one-half of it was es- 
cavatedp A largo collection of aboriginal objects and skeletons was 
made, which gh'^ evidence of two distinct ciiitnres^ one above the 
other. T!ie lower contained crude pottery and a few implements 
iiio$t!y of slidl bearing coiisiderttble likeness to the so-called Anchaic 
Antillean culture of Cuba. The upper layer gave very tine specimens 
of doci>rnted pottery and other objects which show close relationship 
to the Indian culture of Georgia, indicating a soutliward extension of 
population possibly allied to the Miiskhogean Into the Florida Pen- 
inguln. Tlds field work of tlic bureau in Florida inaugumtes a plan 
of cooi^eration of members of the staff and oUiets to detctmifiH the 
bountlaries and extension of the great Muskhogean ciiiture of the 
Gulf States, tlie object being to obtain information on the relation^ 
ship of the mounds of our southern States to those of the lluastee^s 
on tJie Gulf coast of Mexico. 

Dr, John IL Swanton completed the tmnalatlon of stories from his 
Konsati, Alabama, Hitehiti, and Cn^k texts; edited a luantiscript on 
Indian trails by die late W. E. Myer; and liegan the preparation of a 
card index of all words in the Tlmucua language in the religious 
works of the Franciscan missionaries Pareja and Movilla. nearly all 
that is left to u$ of this old Florida tongue. Dr. Truman Michelson 
carried on cthnoiogieal studies among the Indians of labrador* 
Fiom his work it apt>ears tliat the language of the Xascopi and Davis 
fnlct Inciians is tlie same, and merely a Monlagnaia dialect rather 
than a distinct language. It may he noted that the folklore of the 
Indians of Labrador contains luore elenients occurring among Cen¬ 
tral Algonquians than hits been suspected- At the cIohj of this work, 
he eontinue<l hb researches of former years among tho Fox Indians 
at Tain a, Iowa, devoting especial o Mention to the ceremonial runners 
of these Indians. 

Mr. J, P. TTarrington took diarge of the exploration of the Burton 
Mound at Santa Barliara, Calif., under a joint arrangement with Ihe- 
Museum of the American Indian, Heye Foundation* Many fEicts of 
interest for tlie prehistory of I he Santa Barbara Indians and the early 
culture of the Pacific coast in general were recorded, and r great 
number of skeletons, utensils, weapon e?, and trinkets were soctimT. 
Mr. *L N. B, Hewitt was engaged during tlie greater part of the year 
In working up the material gathered in fonner years relating to the 
Ijengiie or Confedenition of the Five Iitiqncis Tribes or Nations, In 
2tl^507—2ij - a 


£2 A^^NUAL aEP&fiT EMTTHBOJSlAX IXSnTUTlOX, 1K24 

.liinc lie visited tlie Six Kationa of Iroquois near Brantford, Ontario, 
Ciinadu, and the Onondaga, TonoManda, and Tuscarora in New 
York State for the purpose of securing certain data regarding the 
Condolence and Install utian GounclL 

Mr. Franeis La Flescha devoted his time to Uie assembly of his 
notes on tJie child-naming rites and ceremonies of tlm Osuge Indians. 
Mr. La Flesche has succeeded in securing two of the remaining ver- 
Biona of these rites which are now practically obsolete, and tiiese will 
form the two parts of n publication on the subject, now nearing com- 
[^letion. Mr. iv. R. Myer on his retuni from held work in Tonnessw 
began preparation of a report on tlie remains of tiio gr^at prehistoric 
Indian settlement known as Great Mound Group in Clicatliam 
County, Tenn. Tlic great central mound of this ancient town was 
protect^ by earthen breastworks surmounted at intervals by circu¬ 
lar wooden towers, and completed by earthen bastions projecting 150 
vards beyond the main walla. In addition to this fortified mound, 
there were four other eminences with tops leveled into plaios, wliich 
showed evidences of earth lodges and former buildings, 

Miss Frances Bensmoro recorded songs of the Makfdi Indians at 
Keah Bay, Wash., in order to compare the music of Indians li ving 
beside the ocean with that of tribes living on the mountains, plains, 
and desert. It wos found, as a general observation, tliat the music 
of the Makflh resembles that of the Ute, Papago, and Yuma more 
than that of the Chippea’a, Sioux, and Pawnee. Tlie Makah songs 
recorded included songs of the whale legends and whaling expedi¬ 
tions, songs of the potlatch and various social dancss, songs con¬ 
nected with contests of physical strength, “ gratitude songs,” lul¬ 
labies, courting songs, and songs of wedding festivities. 

The publications of the bureau issued during the year counted of 
three bulletins, and a number of other bulletins and reports were 
in press at the close of the year. There were distributed during the 
year 13,974 copies of the publications of the bureau. 

INTERNATIONAL EXCHANGES 

Tlie total number of packages handled by the exchange service 
during the year was 4(M),658, weighing 567,107 pounds, an increase 
over lost year of ^,832 packages and 74^91 pounds in weight. This 
increase was duo for the most part to tho large number of publica¬ 
tions received in thli country for transmission to universities and 
colleges in Japan that lost tlioir libraries during the recent earth- 
quakei. 

The Institution was notified during Hie year that the Government 
of Hungary had established the Hungarian Libraries Board at 
Budapest to act as the Hungarian exchango agency, and that the 
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Governments of the DoDimicnn Kepublic,, Latvia^ and the Free City 
of Danzig” had adliered to the two exchati^ conventions concluded 
at BriiBSels,^ March W, 1SS6, 

Tlie nuJiiher of full and partial sets of United States official docu¬ 
ments Bent through the exchange service to depositories abroad is 
now 97^ there having been added during the year to receive full sets 
the Ministry of Finance^ Govemmetit of Northern Ireland^ Belfast; 
State Library I Revah Esthonia; and the Library of the League of 
Nations, Geneva, Switzerland, In addition^ there is an imnicdiate 
cschango of the official fonmal between the United States and 41 
foreign governments^ During the j'car^ this iturner]iate exchange of 
the official |ourna1 has been entered into wUh Haiti, Ijatvia, and 
Norway. 

NATIONAL ZOOLOGICAL PARE 

The year has uecn one of the most fiuccessful in the history of the 
park, both as to care and maintenance of the animal collections, 
buildings, and grounds, and in service to the public. All previous 
attendance records were broken by the total of 9,442,SB0 visitors re¬ 
corded for the year» Among the 221 animals presented to the park 
during tlie year were tnanj rare and unusual species, including a fine 
young Baird^s tapir presented by Mr, M. G« Honery, of Honduras. 
Tliis species of tapir has always been one of the rarest animals in 
zoological collectionsp Through the continued interest in tha park 
of Mr. Victor J. Eva*is, of Washington^ D. C., S5 animals were added 
to tlie collections including several very rare and valuable specieSp 
A most interesting collection froin Brazil was brought to the park 
by Dr. W. L. Schnrs, commercial attacli^, United States Embassy, 
Rio de Janciroi, which mclude^l n fine South American bush dog, the 
first of its kind to be shown in the park. 

Thero wore 1,645 animab in the collection on June 30, 1924, 
including 468 mammals of 177 species, 1,059 birds of 276 species, and 
123 reptiles of 41 species Tlie number of animals added during the 
year was 491, while 014 were lost through exchange, death, and 
return of animals on doposlL Forty-two mammals were born and 
97 birds hatched in the park during the year, while tiie death mto 
was held at a normally low mark. 

The 11 new yards for hoofed animala mentioned last year were 
completed during the year and occupied by animals in the ftilL The 
superior arrangejnent of these paddocks for the care and exhibition 
of the animtls has been favorably commented on by officials of other 
zoolc^cal gardens and by visitors. A new reataumnt building, 
needed for many years^ w'as completed during the year, which adds 
greatly to the appearance of the park and is much appreciated by 
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visitont. Th6 most argent present needs of tlie Parle are '& new 
eshibition building for birds, the present one being in very bad 
condition and mucii too small for the largo crowds which visit 5^ 
and a fund for the purcliase of rare and unusual fmimals. ^is 
fund migiit be increased by gift or be<]ncet and by depositing in it 
certain miwelliuieous revenues of tlie park which tore now tumed 
into the generoi fund of tiio Xreasury, if tins were autliorized by ari 
act of Congress 

ASTEOPHYSICAL OBSKHVATOEY 

During the j'eai.' arrangements were made, Uirough the generosity 
of Mr. John A. Rocblitig, to have sent to tlie Institution daily tele- 
graphio reports of tlie solar constant value fitnn the two solar ludia- 
tion stations at Montezuma, Chile, and Mount Ilarqua Hula. Aria* 
Experimental temperature forecasls for New York City, based on 
these daily reports of solar cli!anges, have been reguhirly submitted 
by Mr, 11. H. Clayton for certain t>er1o(ls of time, namely, for S, 4, 
0 , and 27 daj^s in advance and also general forecasts as to the ex¬ 
pected departure from inonii normal temperatures far the coming 
months and weeks. These foredosts show undoubted prevision of 
thu temperature even up to 5 days after the solar oljscr vat ions. 
The 27-day detailed foreensts have hitherto shown no correlation 
with New York City tempcratnie, but tlm broader forecasts for 
coming weeUs aJid months have been fairly verified. Ihe results 
are promising enough to wnmint further trial, and through Mr. 
Eo€i>1ing's generous support tlicBe esperimental forocaists will be 
continued until .luiiB 30, 10211. 

Three projects were undertaken at tlie Mount Wilson station, 
which the director occupied from July to Octol»er, 392S: hirst, to 
bc^n observations on the variations of atmospheric ozone; second, to 
test new improvements on the solar cooker; and, third, to nicasura 
the spectra of the brighter stars, using the lOO-inch telescope and 
special appai'htus prepared for the work. In the first project ap- 
paratu.s was made ready, but clrenmstances prevented the actual 
beginning of tlie determinations of atmospheric ozone; in the bcc- 
ond, experiments with the solar cooker resulted in some advance- 
ment and pointed the way to further progress; and in the third 
highly interesting results on stellar spectrum distribution and on 
star diameters were obtained- 

INTERNATIONAL CATALOGUE OF SCIENTIFIC LITER- 

ATtTRE 

Tlic condition of the International Oatologuo of Scientific Litera¬ 
ture remains practically tho same os it was la^ year. It will be 
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recalled tliat publication of tba catalogue -waa suspended in 
owing to tho fact that such abnormal conditions id intcrnationfil 
exchange and publishing costs hud been brought about by the war 
that many of tho cooperating nutioris were unable to pay the conse¬ 
quent increased prices of their aub^riptionB, However^ the need of 
this classified index to tho over-mcreamng literature of science is 
greater now than ever before, for no publication or combination of 
[mblkations has even attempted to till its place, and it la to lie 
regretted that so much effort is being independently expended to 
meet special requirements when it is evident tliat, should these 
separate undertakings bo cither merged or at least brought into 
cooperation all would be benefited and the longdelt needs of speciab 
isis and librarians Uins be fully met. 

Tlio Inlcmulional Catalogue is in a position, through its ofliclully 
recognized bureaus, to pi^puiie index data to all of the scientific 
publications of the world, diis being a feutiire which no new orgoni- 
T^ation can even hope to duplicate, Tlie local bureaus, being officially 
i-ecognized and in a position of e1c€e contact with both publishers and 
authors of scienlilic papers, have unique facilities for providing the 
data necessary for abstracts and special mde.xes, and as such data 
is needed by all agencies supplying notices of scientific ptihlkations 
in whatever form, it is felt that this organisation should l>e the 
foundation on whicii to build a cooperative eervice to meet the needs 
of all interested In scientific activities. 

NECllOLOGT 

JOHN L. B.VER 

Mr. John L. Baer, employed by the National ^fuscum for several 
ycar3 past as tcuiporary assistant in the department, of anthropologT, 
died in Panama on May lD2i. Mr, Baer was sent to represent 
the Smithsonian Institution on tlie Marsli Darien Expedition and his 
death occurred in Panama just before the return of this e.vpcdition* 

J, J* DOLAN 

Mr- J. J. Dnlan, employed by the National Museum in various 
capacities for 33 years, died on Novcmlter 33, 1923. Mr- Dolan 
entered Uie service of the ^tuaeom aa watchman and passed through 
the various grades until be reached the position of captain of the 
watch in 1003. Tills position he held until April 15- 1923, when he 
was transferred to the office of shipper, which position he held at the 
time of his dcallu 
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EUZABETH Dl TABLfB 

(tlss Elizabeth D, Tabltr, who had served in various offices in the 
National Muaeulu for nearly 41 years, died on July ID, 1D23. &liss 
Tabtor came to the Museum in October, 16S2, and served in the office 
of hlr. S. C> Brown, registrar, until his death in 1919, when she 
was transferred to the division of correspondence and documents, 
where she was employed at the time of her death. 

BespectfuUy submitted. 

Ckarlss D. Walcott, SecreUxty, 



APPENDIX 1 

REPORT ON THE UNITED STATES NATIONAL MUSEUM 

Sib t I tb* honar to siibiiiit the following repoi-t on the con¬ 
dition and op«*ifltioQ of the Unitjed States Tfational Museum for the 
year ending June 30, 1034. 

The maintenance of the National Museum for the year was pro¬ 
vided for by a Govcrruxicnt appropriation of 8452,500 in the execu¬ 
tive and indcpeudent olEccs act approved February 13^ 1923^ with an 
added item of $79,500 for increase of compensation to care for the 
bonus of the omployeea. In 19Ifi the appropriation to the Museum 
for all purposes was $425,000* Since 1016 the Museum has increased 
its exliibition space by the acquisition of the Aircraft Building; has 
materially enlarged the scope of its collections in arts and induSr 
tries and in history, and has received over two and one^fourth mil¬ 
lion additional specimens, besides assuming certain delinite responsi¬ 
bilities for tlie guarding and upkeep of the Freer Building, As can 
be readily seen^ the difference in the appropriations of 1910 and 1&24 
hardly covers the added cost of maintaining the buiidings and 
guarding the collections, leaving little or nothing to provide expert 
assistance needed in carrying out the fundamental requirement of 
tlie classiffcation of tlic added collections. The growth of the 
Museum in all directions continues to be increasingly conditioued by 
its limited finances. Economies of all kinds are resorted to in mak¬ 
ing the appropriation provide first for the safe-keeping of the collec¬ 
tions and thcD for their cksaification and exhibition. The Museum 
with its vast collections serves the puhlic not as it would and could 
but as its limited linancial resources permit* 

During the year the scientific staff of the Museum was held intact 
with very few exceptions, doubtless due to the approach! ug read* 
justment under the classification act of 1923^ which becomes effective 
July 1, 192i As reported last year^ tentative allocations of all posi¬ 
tions in the Government bureaus under the Smithsoniflis Institution 
were submitted to the Personnel Classification Board by the writer 
as liaison officer of the Institution. The board this year reviewed, 
revised, and approved, with few exceptions, the allocations of the 
Museum employees. The few poaitions still awaiting the board^s 
final approval will, it is expected, be settled within a few days. The 
results of the clasHification act are far-reaching. The scientific force 
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of ibe .Museuui is at last to receive adequate eoiupejjsaiiqn, aa a whole. 
There is, however, still one lot of scientific workers whoso gradings 
must be revised to put them on an equality with similiir employees 
elsewhere, but this will doubtless soon be satisfactorily adjusteiL 

The outstaDdirig featotB of this year was the addition to the 
Museum exliihition halls of an American colonial room, the gift of 
Mrs, Gertrude D, Kltier, m mentioned elsewhere in tlse report. This 
13 the first jicriod room to be permanently instulled in tile Museum. 
One of the foyer rooms in the Natural History Building has been 
entirely transforjned and now preserves tlie home atuiosphere of the 
early settlers of our country. 

The time has come, with the continual stream of additions to the 
collections, when new objects can usuaUy he displaye<] only hy with¬ 
drawing from exliibitinn other objects, often of equal Interest. The 
installation of the colonial room necessitated the condensHtion of 
the District of Columbia faunal exhibit 

The 5fiiseum was able by curtniling its archeological exhibition 
to materially assist the National Gallery of Art. The pressing nmla 
of the gallery for additional hanging space led to the cnnstruction of 
a gaUety 40 feet square in the west end of the east, north range, 
second floor of the Xatural History Building, to accomniotlate the 
nucleus of the National Portrait Gallery, This collection consists 
of the series of paintings especiolly made by American artists of 
persons prominently associated in the Versaifles peace treaty—the 
group picture of the variou.^ delegates around the council table* and 
22 individual portraits of the disting^iii^hcd leaders of ^Imenca and 
the allied nations. Designed especially for this collection, the gal¬ 
lery admirably fills ita purpose. 

A program of greater development for the Loeb collection of 
chemical types was made possible this year through the accrued in¬ 
terest on the Ijoeb fund, and includes the employment of a chemist 
to devote his entire time to its furthcramcc* The advisory committee 
on this collection was reorganized about the middle of the year to 
jirovide representation of the varictl governmental agencies in Wash' 
ington interesteil in chemistry. The committee is now oonstitulccl as 
follows: 

Dr^ tX, hX Zanetti, diaiman of the division of chemistry and chemi¬ 
cal technology, Xatlonnl TEescardi Council, ex officio; Dn C. A. 
Browne, Chief of the BureEiu of Cliemistry% United States Depart¬ 
ment of Agriculture^ ex ofEeiu; Dr. S. i\ Uind, chief chemist of the 
Bureau of Mines, United States Departmeiit of the Interior, ei 
officio I Dr. W, F. Hillebrand, Cliief of the Division of Chemistry, 
Burcutt of Standards, llnitci:! States Department of Commerce, ex 
officio ^ James K. Senior, representative of the committee in tlse 
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Mldcllo Dr, C* L, Alsbergj repreiscntativfl of the conmiitei^ on 

the Pucjfic const; and F, K Le^^tOEf representative from the United 
States Nutionat llusenin. 

On the reeomnjendation of the conrmittce^ O, E. Hoberts, jr., was 
appointed cunitor of the Loeb collection of chemical tjrpes on April 
Ij i924i Twenty-seven specimejis were added to the cDllection during 
tho ymr and several hundred arc Ijcing prepared for presentatton. 
Jt is 03tpccted that the inteufive work of Uio next yenr or two will 
denionstrato the value of a typo series of this kind, 

Tfie collections of the Xationttl hlii^uni in the field of tho arts and 
indtistrle$ are more and more becoming rtjcognLsieJ as a vast, refer¬ 
ence book of unthontic information, A^firious governmental agencies 
ndj upon the Museum's specimens for tJio identification and com- 
{mrison of ueiv insiteriaL Manufacturers aro beginning to reullze 
that tbo deposition of tlieir products in the collections of the Museum 
acts us an additional protection agninst suits for infringeiuent, and 
tlio^e who may have been accidentally granted a patent on an art 
that is not ijew% Several examples of the value of this pmrection 
have recently been brougltt to the attention of the ]^luseum by patent 
examinei's and attorneys for patentees^ In one rase o ^nit for in^ 
fringemont involving large damages was settled out of court upon 
the evidence of a ^Insttiim specimen. In two other cases tlie denial 
by the Patent OlBce of a patent on a product constructed upon what 
w^ero claimed to i>c onlirply new principles was found warranted 
after examinations of specimens in the National Museum, Tlic old 
adage^ There is nothing new under the sun,” is often shown to be 
itim when on eiaminatlon is made of the ilus^nm'S colleciiona TImt 
feature of the American patent sT.’^tem which denies a patent to an 
art or Invention tluit has been shown to the public for two years or 
more increases the importance of a great collection illustrating 
industrial processes and products and makes it an important infer¬ 
ence book to the United States Patent OlEce as well as to manu¬ 
facturers, inventors, and tlie investing public. IVith the continued 
cooperation of American industries thcao collections will gvo'w in 
importance and scope, enabling tho National JltiAcum to render 
iiione evident ^rvJco along these Jmes. 

The Museum served also in the diFusion of knowledge by assist¬ 
ing tlie parent institution in its broadcasting program under Austin 
H. Clark, of the Museum Rtaff^ in whose charge the stjbject was 
placed by the secretary. Arrangements were made for broadcast¬ 
ing from Station WRC^ Radio Corporation of America^ a talk on 
the Smithsonian proper, historical in nature, and a serins of sup¬ 
plementary talks on the various major divisions. Seven lu-miniite 
talks were accordingly gi^-en by staff members, the first on October 
W and the laid on November 16,192S, 

20307—25-4 
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The conclusioD was reached m the springs as a result of careful 
study of radio programs^ that the Institution and Station WRC 
could to their mutual advantage give a series of informative talks 
on special scientific topics. This led to the establiskment of a regu¬ 
lar Smithsonian period every Wednesday at G.15 p. m- The Car¬ 
negie Institution of Washington and the various scientific bureatja of 
the Government who^ work is moi^ or less complementary to that 
of the Smithsonian cooperated in making possible so ambitious a 
project. The series was inaugurated on April 9 by a talk by r. 
Clark on “ The giants of tlie animal world*” This wns followed by 
10 others, equally instructive* the last on “Atmospheric electricity*” 
by Dr, S. J. Mauchly, of the Carnegie Institution, given in coopera¬ 
tion with the Smithsonian on June 18* 1924* Altogether 18 items 
were broadonst by the SmithBonian Institution during the year, 
IS different individuals participating, of whom T appeared under 
the auspices of or in cooperatioa with the Smitbsouian and the 
remaining 11 as members of the staff* 7 being from the Afuseutm 
Those who participated in this program are few in number, how¬ 
ever, as compared wdth those who esontrihuted tovrard making it a 
success by furnishing information, suggestions, and encouragementp 
The series will, it is expected, Ikj resumed in the early autumn. 

Lack of space makes it necessary at time^ to refmse objects ten- 
dered for the ooUeetiono, often where the Muse uni would like to 
encourage the intended donor to bring to the Museum not only his 
treasures but his problems also* for the Museum rendera service in 
many ways. By its extubition collections it conveys a menage to 
those citi^na from all parts of the land who visit their Capital^ 
by its reserve series it affords assistance to w'orkers in all tines here 
represented^ by ife system of distribution of duplicate specimens 
for educational purposes it aids the coming generation all over 
the land; by its oorrespotidcnoe it conveys dedred information in 
response to Epecifie inquiries in many lines; by its publications it 
extends the boundaries of learning; and now, by the radio its 
service in diffusing knowledge has been extended immeasurably. 

OOIiECTTlOXS 

Tlic total number of specimons received by the Museum during 
the year was S$2,942, exceeding numerically the receipts of the 
previous year by over 70 per cent- Not only in numbers is this 
year’s increase notable, but in scientific value os welL The inerc* 
mont is particularly rich in type apecimens and in other specially 
desired material, filling gaps and otherwise strengthening the cob 
lections in many lines. Additional material to the extent of 1,187 
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lotSj chiefly geological, Tras recoiTcd for special ei^a mi nation and 
report. 

The distribntiQii of duplicates for educational purj>€M>C3T mainly 
to higher schoota and coUegea, aggregated 8,528 specimens, duly 
cla^ihed and labeled. Kearly ^,000 specimens and over 90 pounds 
of bulh material for blowpipe analy^ were sent out, in exchange 
for wdiith the Museum has received or will Uter receive desired 
material in nuiiiy iLnea ^''carIy IT,000 specimens and some 24 
pounds of bulk material were lent to specialists elsewhere for es- 
amlnation and study. 

A r^sum^ of the principal acquiBitione of the year lotlow^^ 

AniJtropo^Offy *—^The department of anthropology reports a favor¬ 
able year, marked by substantial increases m its collections. 

In ethnology noteworthy accessions were received from the Philip¬ 
pines, collected by the late Capt. E. Y* IfiHer, consisting of rattan 
fire tongs, bamboo strike-a-lights, decorated gongs, and otiicr ar¬ 
ticles, prcijented by Mrs* Florence G. Miller; and a considerable 
number of specimens from the AraucaniaiL, Ayttiara, I^mgna, and 
CbamacOQ} Indians of South America, gift of D. S. Bullock. 

In American archeology k noted an especially valuable collection 
of 95 unique ancient earthenware bowls with figures of men and 
animak and of group compositions from Mlmbres VaOey, N. Ifes., 
received from the Bureau of American Ethnology. The possibili¬ 
ties of these vessels in the application of decorative art bj' schools 
and manufacturers are great. The coUection is also indebted to 
Victor J. Evans for the loam of SS pieces of excellent Casa.s Gmndcs 
ancient pottery. Iti Old World archeology there was added a 
scries of prehistoric antiquities from ancient sites in France, Bel¬ 
gium, and Germany, collected by Dr. iVieS Hrdlicka during his 
recent trip to Europe. In physical anthropology the mosds notable 
receipt was a large number of skeletal remains from early historic 
Arikara Indian village sites near Mobridga, S. Dak., coUected by 
M. W. Stirling. The collection of mtisicai instruments received 
im|>oriant additions given by Hugo Worch. 

The work of the department in installing, reaiTanging, imd pre¬ 
serving specimens was actively carried out+ Miss Frances Densmore 
prepared a handbook on the collection of musical instruments and 
aided in rearranging tlie exhibit. Among the numerous contacts 
of the department with Individuals seeking in formation the talks 
given to classes and groups are most valuable and interesting. Many 
such talks were given by members of die staff. 

—The collections received by the department of biology 
during the year greatly surpass those of the years immediately 
preceding, not only numerically but equally so in soientiric Im- 
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porl-iijias. The latter point is emphasized b}' the addition of a large 
number of species anti genera neiv to the Jiu&eum, many gaps having 
bw‘ii filled and deficlenties supplied. This ia particularly noticeable 
In U^e division of birds^ where the generosity of Bradshaw H, Swales 
has made possible the acquisition of many forms hitherto unrepre¬ 
sented in its collections. 

The most outstanding mxessicm of the year is the donation by 
Dr. J. ^I. Aldrich* a^ocinte curator of insects, of his private collec¬ 
tion of nearly 45*000 specimens of dipterous fliesj represeJiting 4*145 
named species and many unnamed^ with type material In 534 species, 
the fruit of a busy life of collecting and study of theise insects by 
one of the leading specialists m this imporUmt order- 

The activities so auspiciously liegun in Chiua^ as noted in my 
prenous report, u'ere continued with gratifying resuLta during the 
present year. I have to record wdtii extreme regret tlie tmgio death 
of Charles M. Hoy on Septenilfcr G* 1023,^ at Koliug^ China, It will 
be recollected that he was sent to China hy Dr, W- L. Abbott for 
the purpose of making eoUeetlnns fur the National Museuin, and it 
was duriug the first trip that the Museum suffered the loss of this 
intrepid field naturalibi;. licv, D* C. Graham continued his csiplora- 
lions in the western part of the Province of Szechwan. During the 
summer of he made an expedition to Mount Otnoi and Tut¬ 
si enlu, The eoUections received contained & largo number of topo- 
Lvnes of species previously described, in addition to many ne^r ones, 
aome of them from very high altitudes near the Tibetan border. 
The National Geographic Society^s expedition under F. R* Wulsin 
during reached the famous Tibetan Lake Kokonor, but the 
coUections, which are of cDDsiderabic magnitude* have not been 
received as yet. Dr, \V* L, Abbott during his expedition to the 
island of Santo Domingo during the early winter* though paying 
attention chiefly to the Samana region, secured a large number of 
plants, roptilest and amphibians, but the great prirj^ was a series 
of skins, skeletonsj and embryocj representing a genus of rcalents 
which has not been found alis^e for nearly 100 years. Dr, Hugh M, 
Smith’s activities in Siam, Dr, Casey *\, Wood’s visit to the Fiji 
Islands, Dr, T, D, A, Cockereira expedition to eastern Siberia, and 
Secretary Charii^ D. Walcott’s Canadian expedition also added 
materially to our collections. Dr. Paul Bartsch and Gerrit S, Miller^ 
jr,, brought back extensive collectlona from the Bahamas and the 
Le&^r Antillest respectively. The Nationjil Herbarium was greatly 
enriched hy throe ruajor expeditions to tropical America^ namely^ 
Dr, A. S. Iliidioock’fl to Panama, Ecuador, Peru, and Bolivia; Paul 
C\ Standley's to the Canal 2one and Costa Ricaj and Dr* William R 
Maxons to Panama, Costa Kico* and Nicaragua. 
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The principul work of tUo taxidermista dtiring the Tear has been 
the dismantling of one of tiie lar^st and oldest of the biolo^ifial 
groups in the North Anierican mammal hall, namelyi that of the 
Rocky ilountain goats. Tlie mounting of the animab! for the new 
group^ which Imve been coDected for a number of seasons by Doctor 
and Mrs* Walcott during their explorations in the Canadian liockiesg 
has been practically finished and a fair beginning made on tlie rock 
work and other accessories. The arrangement^ cataloguing, and in¬ 
stallation of the large material received frimi collectors in the field 
has oast much time and labori but gootl progress has been made and 
the condition of the study collections is conaidered very good. 

As iifltial the Museum is under great obligations to a great number 
of scientific men connected witli tini versities, museums, and other 
institutions all over the country and abroad^ for working up Kuch 
parts of the collections as arc not represented by fjpccialists on the 
staff of the National Museum^ The research work of tlie mcmberB 
of the scientilic stalf ha$ continued during such time as could l>e 
spared from the routine work, and some important memoirs have 
been conchulcd and published during the year^ but the divisions are 
greatly undermanneflf and more scientific work of a high order 
L-oukl be accotnplished wei^ more assistants available. With the in¬ 
crease in the number of accessions^ the opportimity for research 
work becomes less. 

Natiiralists visiting Washington for the purpose of examlnirEg the 
collections baie been given the widest and most liberal assistance in 
[mrsuing their studies^ and loans of sf}ecime[i£ to sclentIhc institu¬ 
tions and mdividiial investigators in this country and abroad have 
beon made freely as heretofore. Zoological and botanical duplii^trs 
distributed to high schools, colleges, institutions^ etc.j aggregated 
4.194 speeiuiens^ of which consisted of molhlsks in 14 prepared 
sets, and 800 fi^shes in 0 sets. Exchanges to the number of 14^520 
were isent out, of which 2,737 were ssoologieaL 

The total nuniber of specimens of animals and plants now iti the 
collections is estimated at 7;^0<f,8l6t ^f which 1,183,700 are plants. 

Geolof ^^.—Tlie year lfi23“24 is notable chiefly on account of the 
unusual aiuoimt and value for both exhibition and study of the 
niatcriLil received, a total of 227 geological accessions, aggregating 
150specimens, being recorded. The paleontological collectiDns 
wore the chief benafidaries, the most noteworthy of the accessions 
being the large sauropodons dinosaur from the Dinosaur National 
Monument, Utah, and the Edgar E. Teller and George M. Austin 
collections of fossils, Die lost two named comprisltig at least 125,000 
of the total number of specimens received. 

Tho economic collections have been increased by Canadian nickel 
and silver ores acquired mainly through the interest of Honorary 
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Cunit4>r Frank L. HesSj although an instructive s&rics of eopper- 
uick&l-silvfeT ones was donated by the Royal Otitario Museum of 
Mme^alog 3 ^ A series of diamond-bearing rocks from the Arkansas 
hclds, received through the assistance of H- D. LUser^ made possible 
a more comprehensive c,\hibit of the occurrence of the diamond tlian 
was heretofoie shown^ 

Tlie continued uctivitlee of Victor Heikes have resulted in the 
acquisition of good exliibition material to both econouiie and min¬ 
eral collections. 

An unusual meteoric iron from San Juan County, 5f^ Mex., formed 
the most inler^ting aocef^on to the meteorite collection, although 
an iron from ChilCi atone from Kansas, and Bmall quantities of other 
individuals from Spain and Australia added new faUs and huds^ 
These were all aeepured by exchanges. 

The chief contributor to tlie mineral collections was CoL Wash¬ 
ington A. Koeblingj who supplied funds for the purchase of new 
minerals and made other gifts. Kadium-^bearing minerals from the 
Belgian Congo and a number of rare species new to the collections, 
received as gifts and exchanges, may also be noted* The mineral 
collection is reported as now 80 per cent complete in species. 

A number of cut gems were added to the Isaac Lea coUcctioii 
through the Frances Lea Chamberlain fund. 

A petrographic reference series of rocks, numbering some 2,000 
specimens, and thought to be without doubt the most important ccl- 
lectioa, from a scientific standpoint, now in existence, was trans¬ 
ferred by the United States Geological Survey* 

In addition to the paleontological znaterial mentioned above, coL 
lections of Cambrian, Ordovician and Siluriaii invertebrates were 
made by Secretary Walcott and membera of the staff of the depart¬ 
ment, and a quantity of foreign material was acquired tlirough gifts 
and exchanges. A slab of fossil footprints from the Triasaic shales 
of Virginia, received through the courtesy of F. C, Littleton, waa 
added to the exhibit^. 

Satisfactory progress waa made in the care of the colloctions, 
though a few cliangea are to ho noted in the exhihita, the in-stalletion 
of mastodon and bison skeletons, a large slab of rhinoceros bones, 
and the elah showing footprints of a dinosaur being the most im¬ 
portant. Expansion of the study series has occupied much of the 
time of the curators and their assistants* Research work, however, 
has progressed to the usual extent and has been greatly facihtated 
by the acquisition of a hmoculnr microscope which was presented to 
the department by John A. Roebling* 

Mineral ond fwch^nical —^These divkiotiB 

are concerned with engineering developments generally and their 
industrial application* The collections endeavor to visualize by 
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madels and original objects the progroas made in the mechanical and 
electrical fields, in mineral resource industries, and in tTunsportaticiQ 
industries on land, water, and in the air. For fiome unexplained 
reason in past years tlicse collections hare Ijcen augmented spaa- 
modicallv, all ncoesaionB recorded in any one year being concerned 
with B singlo one or two of the divisions’ activities. This year, how¬ 
ever, the acceiBiionB recorded, while but a little higher numerically, 
enhance the collections of every one of the branches in the divisions. 
Thua in mineral technology the glass industry exhibit was brought 
considerably closer to completion through the generosity of the Corn¬ 
ing Glass iVorks. Two models of the most recent types of melting 
fumsccs were presented os well as typical examples of chemical, 
industrial, and household oven glassware. The Cadillac llotor Co. 
presented one of the first antomobiles made by that company in 
IflOa and also one of its cars made in 19S3, the latter being sectioned, 
making Tisible car parts nomiaily hidden from view. 

The Antomatic Electric Co. donated a complete working unit of 
the Strowger automatic telephone Bystem. In this instance the ex¬ 
hibition cose is equipped with three telephones which the visitor may 
operate and at the same time observe the functioning of the various 
parts. To the section of aei'onautics there were added the Fokker 
TS monoplane, which flew in May, from Sew \oTk to .San 

Francisco in a nonstop flight of leas than 27 hours, and a helicopter 
type of airplane with which Emile Berliner and his son made suc¬ 
cessful flights at College Park, Md., in 1023, The water-craft col¬ 
lections were increased first by the addition of a model of the 
steamship L«i*iatAan, transferred from the Alien Property C^- 
todian, and second through the courtesy of the Canadian Pacific 
Railway Co., Montreal, Canada, in lending a model of the steam¬ 
ship Emprtti of liusfia, one of the vessels of this company plying 
between Vancouver and the Orient. 

As far as cooperative educational work is conoomed, the lecture 
work of S. S. Wyer, associate In mineral technology, was of greatest 
importance. During the year he delivered 89 lectures on the subjects 
of fuel and ]x>wer resourcos before many of the schools, normal 
schools, and colleges in PeniiBjdvania and before several educational 
groups outside of that State. 

Tomtilef, toood organic chemkiryy /fixjrfs, and medi- 

cffie.—^Tlio collections under the Bupervlsion of the curator of tex¬ 
tiles, whicli, besides textiles, embrace wood technology, foods, organic 
chemistry, and medicine, were increased by many gifts and by tra.ns- 
fer of property from otlier Government bureaus, amounting to over 
3,300 objects. The moat important of these may be mentioned briefly. 

Several largo series of industrial specimenfl illustrating every 
brunch of rubber manufacture, the manufacture of leather and 
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9 ]io^^ ftnd fJiie prepo-ratioQ Rnd dyeing of seal, mnskiTitj aind mbbit 
Gkim^ «dd^ to the ooUections, througU cooperation with na¬ 
tional trade associations. EAhibit^ were printed Avhicb show tlie 
manufacture and use of new materials from the field of industrial 
diemistiy and include synthetic plastics and hot-moldcd and cold- 
molded compositjotvs baTing high dielectric properties These nia- 
teriiils jLre used in the maniifacture of electric equipment^ auto- 
mobile parts, musical in^ruments, etc. Otlier chemical exhibits 
received during the year Include gluew^ coal-tar dyes, and atiilicial 
silk- The textile collections were iucrnised by the gift of fibers, 
silk and cotton dress and drapery fabrict and a large series of hand- 
woTcn textiles; abo hand looms and a commerchil braiding machine. 
To the eollcctionss arranged to show the importance of wo^ and the 
industries based tlieivon were added products of the hardwood dis¬ 
til Intion indtistrjs veneered door3, sporting goods made of wtxjd. and 
paper-pulp products. The collections in Hie diviaion of medicine 
were enlnrg^ by 25 models allowing ad^^aneea in sanitary ecicncc, 
specimens of materia medica, and dojects associated with the historr 
of medicine in America. 

Graphw artg .—The division of graphic ads held throughout the 
year successful fiunpomry exhibitions of artistie printSp etchings^ 
lithographs, and phntogtaplLs, which were well attended and favor¬ 
ably mentioned in the press both here and abroad- 

Tli 0 two traveling exhibits of graphic arU were continually in 
demand, being displayed in 13 citliM in 0 different States, and the fall 
and winter are already well dated up. 

No entirely new and complete exhibit for the permanent collec¬ 
tions was received, but important additions were made, capeckllv 
to that of letterprees printing ami to etching, the latter subject 
having been entirely rearranged with numeroua additions, the most 
Important of wbidi was Miss Beatrice S. Levy's gift of three 
aquatint plates for her color print, ‘White House by the Sea. Tliis 
method is new to tlie technical series. The division now has all the 
regular methods of printing etchings in color. 

Probably tlm m<«t important Accession received by the section 
of photography wm tlie motion-pictum camera invented by IVallace 
Goolil Levlson in ISST, This madilne could expose L2 plates in 
rapid auocesaion from one point. This Is probably tho fir^ motion- 
picture camera ever mado. Edward Muybridge did not have n 
motion-picture camera but had a row of separate! cejneras, each ex- 
posed as tho person or animal passed in front, by the breaking of a 
string. 

//w/nry.—The most notabla addition to the historical collection 
was a number of objects compnamg the inferior furnishings of an 
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Ajucirieaa i:^lontal Foom^ printed to the Mnseiim by Mrs. Gertrude 
D, Ritter^ of Washington, D. C. This collection includes wall panul- 
ingt furniture^ chinaware^ glassware, pciwter ware, pictures, textiles, 
and miscellaneous objects. The wiiR poneliBg, made of American 
pine carred witli plain designa and fastened with pegs, was taken 
intact from the old Bliss homestead located at Sprinj^Md, Mosa., and 
includes a comer cupboard of three sltclves witli original gloss doors 
and Jiingi^ and latches of wrought iron. In tbo ctipboard and on 
thtf tables nj'o siiown the china, glass, and i>ewter wfl^re belonging to 
the exhiliit. The china includeij an ex<^ptionally beautiful bowl of 
Chinese Lowestoft and a chiJd^s tea set of the same ware, a Iielriiet 
pitcher, and a number of pieces of luster ware of mom than usual 
interost. llie glasswuno includes several pieces of Stiegtd waixr, u 
number of pkin glas^ mugs of antic]uo design^ a gloss pitclier, and a 
number of glass bottles of rare types. The collection of pewter in¬ 
cludes plates, wugs, colTec pots, pepper and shaker^ dishes, 
sirup mug, and hnsiii. This coUoction is unique in tharacter and ita 
pre^seutation marks an epoch in the devdopment of the collections of 
this typo in the National Museunu It is the donor^s mtention to 
add to this collection until the furnishings of an entire coloniml home 
have thus been assembled. Thi^ will be exhibited os a unit in a 
house of colonifli stylo lo be erected for the purpose in proslmity to 
the prei^eut group of muscuin buildings. 

To tile coBectiem of cfistuniea of tho ladies of the White House, 
w hich has for a numlser of years attracted so much public atlention, 
were added two costumes of great interosU One of these is a white 
satin evening gown worn by Mrs. Warren G- Harding during tlie 
administration of her liushand. President Warren G. Harding, 1I121-- 
1^, the gift of Mrs. Harding, Tho other is a gray silk dress worn 
by iirs. Benjamin Harrison at the Inaugiirnl hall in 1830 on Uie 
occasion of the maugm-ation of bet husband, President Dcnjaniin 
Harrison, and donated by Mrs. Jonics K. McKee, of Xcw York City. 
Both tiiaso costumes were acquired by tlio Museum tlirough the gen¬ 
erous cooperation of Mrs. Rose G. Hoes. 

The hiognipbical collectious were incre4ised by the gift of a pair 
of silver-mounted flbitlock pistols with leather holsters which Tivere 
owmed during the War of tho Revolution by Maj. Gen. Charles Lc*, 
of Uie CoDtinental Army; a sword, a pair of pistols, and a pair of 
epaulets owned during the same period by Maj. Jacob Morris, and a 
number of other relica of less importance. These were presented to 
the Museum by Victor Morris through the Wisconsin Society of 
the Colonial Dames of America. Three silver camp cups owmed 
during the Revolution by Brig. Gen* AnUiony Wo}tig were lent by 
Mrs. if. W, Stroud. A gold locket containing a lock of the hair 
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of Napoleon I was presented by II. deB. Parsonsj Miss Katharine 
doB. Parsons^, and LiTingslon Parsons^ of New York City. A vi;ry 
handsoma gold snuffbox^ the lid of which is set with diamonds^ whidi 
WB3 pre^nted about 183^ to Col. Itenfi E. De Eimy, United States 
Arinj, by the Prince de Joinville, was donated to the ^[us^‘um by 
lli-a I-ianra E. De Riissy, of New York City. A ailyer tureen and 
platter pri^nted to tlie Hoa, James li, Mano^ Republican leader, by 
Momberg of the United States House of Eepirsentatives, Sixty-fifth 
Congress. March S| 1919, were donated by Mrs. Mann. 

EXTUOHAtlONe ANO FIELD WORE 

Tho Museum draws its increment in large measure from expiora¬ 
tions and expeditions undertaken chiefly by other Government agen¬ 
cies and by private institutions and individuals. TItia year the 
Museum bonefited from an unusual number of such enterprises. 
Biological and botanical explorations in North America, Central 
America, South America, Asia, and various islands added to the 
collections repricsenting the fauna and flora of various countries, 
while geological field work was carried on within the borders of our 
own continents 

During the summer and early fall of 19"23 Secretary Walcott, ac- 
compaTiied and aided by Mrs. Walcott, was engaged on geological 
exploration in tlie Canadian Rockies in continuation of tlie work 
of previous ycais* Special ttudi^ were made of tlio Mous forma¬ 
tion of the Osarkian system, T"i,800 feet in thickness^ ^vhich on the 
eastern side of the Colimibia River Yalley was found to contain 
four Well-developed fossil faunas, indicating its position between 
the Upper Cambrian and Ordovician systems of the geologic time 
scale. Collections of fo^ls illustrating new horijjojia in the Ozark- 
iaii system were made in lliJs area, alf^o in the Upper Cambrian and 
Silurian limestone of this region, together with small lots of desir¬ 
able hiolo^cal and botunica] material. 

Biological explorations in Clilna included the expedition of the 
National Geographic Society under Mr. Wulsm along the Ydlow 
River to Lake Kokonor in Thibet and the field work of Mr. Grab am 
in the Province of Szechwan, and of Mr. Hoy in Hunan, all before 
mentioned. Mr. Graham in hia trip to Tatsienlu practically dupli¬ 
cated the route of A. E. Pratt, going by way of Jloimt Omei, secur¬ 
ing topotype material of species leased on Pratt^s and Potaninas ex¬ 
peditions as well as iindescribed material which had escaped hia 
predecessors. 

Arthur de C, Sowerby continued his collecting in China for the 
Museum, under the auspices of Col. Robert Sterling Clark, but on 
account of the disturbed conditions in tliat country he was unable 
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tq go far afield from his headquarters iq Shai:kgbai. The resuitiug 
valuable additiona furnish serial uaateriuL for comparison witli col- 
Icutions from more remote regiona- 
An expedition Lo Japan and eastern Siberia undertaken by Prof. 
1\ D, A. Cockerell at his ottd expeiisej primarily for the purpose of 
collecting and studying insects^ was productive of large collections 
in that class with smaller lots in other natural history clasps. 

In Siam, Dr. Hugh if. Smithy wiio i5 engaged in fisheries investi¬ 
gations for the Government of Siam, collected in a number of local¬ 
ities birds, reptileSj amphibians^ and inrertebniteSj important as link¬ 
ing up collections already in tbe Museum from the Malay Archi¬ 
pelago and Peninsula with those of the countries farther north. 

In the Fiji Islands Dr. Casey A. TVood^ a valued collaborator of 
the diAUBioii of birds, enlisted Uie cooperation of several native col¬ 
lectors during a three months' visits making verj' important addi¬ 
tions of birds from tliat region^ ititludipg many specie^ bitberto un¬ 
represented, a notable addition to the Fijian material from the 
United States exploring expedition under Captain Wilkes, Doctor 
Wood arranged wdtli his local assistants to con tin lie the w^ork in 
localities he himself was unable to visit 
Under the auspices of the Bureau of Biological Survey, Depart¬ 
ment of Agriculturej in conjunetjon with the Xavy Department, Dr. 
Alexander Wetmore visited Laysan, Midway^ Johnson, Wake, and 
other islands in the Pacific and made large collections, part of 
whicli have already heen transferred to the Museum. 

Islands in tlie Atlantic wxre also visited. Dr. W. L, Abbott’s 
expeditiou to Santo Domingo has already been mentioned, vfith its 
prisicd specimens of the long-lost rodent. In the Virgin Islands of 
the United States and the InC^^r Antilles, Gerrit S. Miller, jr,, cura¬ 
tor of rnammak, tnado extensive collections of animals and plants 
for the Museum at his own expense. Explorations in the Bahamas, 
Cuba, and the Florida Keys m August, 192S, and June, 1(>24, in 
connection with experiments in heredity whicli Dr. Paul Bartsch of 
the Ililiisciim staff is conducting under tho joint nuspicea of (he 
Carnegie Institution of Washington and the Sunthsonian Institu¬ 
tion, added to the Museum series of mollusks, birds and other 
natural history specimens from these regious. Tlie United States 
Xavy and the United States Army cooperated by furnishing trans¬ 
portation for the workers. 

The expedition of A. II. Fisher to the lower Amazon River, Bra¬ 
zil, on which the Museum was represented by C* R. Aschemeier as 
mentioned in the last report, was completed early in tho year. Tlie 
collections made in this region included a few spocies of mammals 
and birds new to the Museum. 
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Uoder eui airangement with K. O. Marsh, Johit L. Baer repre¬ 
sented the iluscum on the ilarsh Darien expedition undertaken in 
the early part of 1934i for collecting nnOnupological material in a 
region poorly rcpi'escnted in the antbrojmlogical collections. As 
mentioned elsewhere, Mr, Baer died wJulo on this trip and the 
collections have not as yet reached the Sluseum. 

Iktlanihal c.\pLorations in northern South America conducted 
under tlie auspices of the United States Department of Agriculture, 
the Gray Herbarimn, and the New York Botanical Garden IjciieJiLed 
the National Herbarium. Dr. A, S. Ilitclicock, custodian of gmssses, 
on this exploration spent four montlis in Ecuador, two montlis in 
Peru, six weeks in Bolivia, and a few days in Pananin. Large col¬ 
lections were obtained, of which a set of appraxiinatcly 1,700 speci¬ 
mens, exclusive of prusses, was depoaited in the National flerbarium. 

Two expeditions undertaken for the Bureau of Entomology' of 
the United States Department of Agriculture by Dr. William M. 
Miiitn, assistant custodian of Ilymenoptera in the Museum, resulted 
in collections of insects and abw specimens in other classes. Tlie 
first three months of the fiscal year were spent in Mesieo collecting 
miscellaneous insects and four months in the spring of 1924 in 
Panama, Colombia, Guatemala, Costa Kicn, and Honduras, collect¬ 
ing insects, especially ants. 

Another vei-y cousidernblo niiscel la neons collection from Guate¬ 
mala, of ivlitch birds formed tlie consiiicuous part, was obtained by 
Harry Malleis, who visited the Province of Pet^n for the Eurvau 
of Biological Survey, primarily to obtain living specimens of the 
ocpllated turkey for introduction into this country. 

During the spring of 1923 Dr. H. G, Dyar, custodian of Lepidop- 
tern, made a trip to Panama, financed by himself, in company with 
R. C. Shannon, of the Bureau of Entomology of tlio United States 
DepartJiiciit of Agriculture, whose expenses wore paid by that bu¬ 
reau, resulting in many thousand insects, including extensive collec¬ 
tions of mosquitoes, in which Doctor Dyar was specially interested. 
Dr, T. E, Snyder, of the Bureau of Entomology’, ah» visited Pan¬ 
ama, securing large collections of tcrmltess which will be added to the 
National moterial. 

An expedition from the Department of Agriculture to Panama 
and Central America was aecompanied by Dr. William R. Maxon, 
os.'^Krlate curator of plants, tlie field work in Panama, western Nica¬ 
ragua, and Costa Rita re*ulttiig in 4,500 botanical specimens. Tlie 
Nicaraguan material will be especially useful in tlie preparation of 
the proposed flora of Central America. 

The Panama Canal Zone and Costa Rica wrero visited also by Paid 
C. Stondlcy, associate curator of plants, the expen.^ of the explora- 
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tioTis bein^ Lome in part by the DepartmeJit of Agriculture and by 
Odkes Ames, vrlio is especially interested in the orchids of Ckjntral 
America. During ttvo looutlia in the Cniial Zone there were ob¬ 
tained about 7,{KK) numbers of plants particularly desired in prepar¬ 
ing a popular flora of the rxine, and 8,000 number, including a large; 
percentage of orchids, vfere collected during 10 weeks in Costa Rica 
for use in preparing the flora of all Central America. 

An expcfUtion to the west coast of the United States under Dr. 
IL G, Dyar was in the field at the dose of the year, studying lai vs 
of mos(piitoes. This was financed by Doctor Dyar. Dr. Jh A1- 
drk-h,i associate curator of insiicta, likewise at the dos© of the 
year collecting Diptera throughout the high altitudes of the IVest 
and on the west coast of the Unite^l States and Canada. All of this 
material will cvcnttiallj find its iray into the Xational oollections. 

During the ssuratuer of 1923 the Xational Geographic Society con- 
tEitued archeological explorations at the preliistoricj Pueblo Bonito 
!n Xew Mexico under Keil M. Jtidd of tlie Museum staff. The ma¬ 
terial results have not as yet l>oen officially turned over to the Mu- 
seiini. This was the third spa:?^n of explorations which are planned 
to extend over a period of five summers. Mr. Judd had ]ust started 
the fourth season's work at the dose of the liscul year. 

A stK:ond expedition under the sojiie auapiecSj also directed by Mr. 
Judd, penetrated a previously unexplored section of southeastern 
Utah^ bringing back objects from bosket-maker and cliff-dweller 
habitations, 

TJws expedition to the Dinosaur National Monumentt Utali^ under¬ 
taken by C+ W. Gilmore, assisted by N, IL Boss, as mentioned in last 
year’s report, waa cemploted in the middle of the summer of 1923* 
Thi^ Jmd for its object the procuring of an© of the large dinosaurs 
for the exhibition collections. jVs noted under the chapter on acces¬ 
sions, Eullicient material was acquired for a good skeletal mount of 
DiptodK^cuSf exceeding in exhibition value any tiling acquired in the 
department of geology in recent yea re, together with a considerable 
quantity of raiacellaneous fossils representative of the Morristm 
fauna. 

The Great Basin ranges of Xevada and Utah w^erc the subject of 
stratigraphic and paleontologjc work by Dr* Charles E* Resser in 
furtheranco of Doctor Wolcott’^ monographic studies* Of the fos¬ 
sils collected many were fmm entirely new localities. 

Field work by Dr. IL S. Brisler, cureitor of stratigraphic paleon¬ 
tology, during the year included four separate projects: (1) Field 
work in the Cent nil Basin of TennessgeCt in cooperation with the 
State Geological Survey^ which resulted in completing the inap- 
ping of lliB geology of the Hollow Springs quadrangle and in 
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swuring' fossils from that area; (2) in ^uthei^n Kentuckj, at the 
instance of Dr* Frank Sprin^Tj m seaivh of crinoids; (3) m the 
NLagaran Plain and neighboring area in Ohio, obtainidg information 
as to the region from which the Austin collection was secured: and 
{4} in northern Tennessee, again under the geological surrey of 
that State^ mappiiig: the geology .and securing data toward a report 
on the stratigraphy of the State. 

The Upper CainbrJan and OKsrkian systems, particularly in Wis- 
consint wore the subject of the field work in the summer of 10^5 of 
Dr* E. O* Ulrichj associate in paleontology'* 

The reported disco very of fossil footprints on excavations in the 
i-ed TriassJC shale near AJdie, Va.^ were investigiitcd by C. W. Gil¬ 
more, and numerotis dinosaurian footprints were observed at several 
distinct horizons, A fine slab of these was obtained* 

Shorter collecting trips to the Miocene deposiU along Ch^apeahe 
Bay by N, H. Boss and to nenr-by localities by E, V* Shannon and 
W* F. Foshag pit^vided well-prcser\='ed cetacean remains from the 
former and small representative collections of rocks, nunerala, and 
ores from the latter. 

The quarries at Deer Isle and Auburn, Me., were inspected by 
Dr. George P. Merrill, head curator of geology, who also made a 
geological trip into the northern part of that State* 

BlTIfJlISOS AND EQUIPMENT 

For some years sn additional building to house Uie Xational 
Gallcri^ of Art and the history' collections of tlie United States 
Xatinnal Mii^iiui has been urgently needed. The romovnl of the 
art and history collections would release space in the older buildings 
tliat should provide for tlie gro^vth of the other collections for years 
to come* The executive and independent olfice^ act for 1924, ap¬ 
proved February 13, 1923, authorii^ the Regents of the Smith¬ 
sonian Institution to prepare preliminary plans for a suitable fire¬ 
proof building with granite fronts for the National Galleiy of Art 
(including the Xational Portrait Gallery) and for the history collec¬ 
tions of the United States National Museum, to be erected when 
funds from gifts or bequests are in tlie possession of the regems. 
A site for the building Is designated in the Mall itnmcdiately eiist of 
the Natural History Building, 

The Nation r] Gallery of Art Commission, which has for some time 
been giving consideration to the adequate housing of the art collec¬ 
tions, decided at a meeting on December 11 , 1923, to raise by privafe 
subscription $10,000 toward preliminary plans for this art and 
history' building, and that amount was soon sub^ribed. The Boaixl 
of Regents of the Institution accordingly on February H, 1024* 
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selected Charles A- Platte of New York City^ op the recoiiiinend^lion 
of the commi^lon^ as the architect to prepare pxeUmmary plans for 
tlie proposed buildings It will l>e recalled that lilr* Platt was tba 
architect of the Freer Galloiy of Art, Senator Henry Cabot Lodge 
proposed an amendment to tlio second deficiency bill on April IT* 
lf>24* appropriating $2^500^000 to begin construction of a bniiding 
tlie total cost of which ^oiild be $7,000,000, but this failed to be 
enacted into law. It is to be hoped tliat favorable action will lie 
taken in the next session of Congress. 

The various buildings housing Museum collections have by tlio 
exercj^. of tbe stricte^it i>conomy been maintained in good condition. 
The usual repairs wero made to walls^ ceilings, and roofs, and to 
I>ortion3 of the roadway on tlie east of the Natural Hifttory Build- 
itig. The cafi in die Arts and Industries Building was dosed for 
the last two weeks in May and given a needed thorough renovation. 
Other changes in the same building afforded better accommodations 
for checking umbrellas, for the public-telephone booth, and for the 
watch service^ and better illumination under the galleries. 

The heating season was two ivceks longer than the preceding one, 
consuming 3Ja67.3 tons of bituminous coal and 15 h 8 tons of stove 
ooaJ, the former at average cost of $7J9 per ton against. $&.06 
the preceding year* Minor repairs of the power plant and adjust- 
ments permit!^ the buildings to bo more satisfactorily heated than 
in previous years. The electric generating equipment for the first 
time since the installation of the power plant has carried ^ load 
approximating its maximum capacity^ due to natural increase in 
demand for current, os well us the addition of tlie Freer Building. 
'The electric feeder leading into the Natural History Building from 
the Government contrflctor''a line in B Street was erdarged to care 
for this increased load. 

The ice plant produced 301.1 tons of ice^ at a cost of $3,003 per ton, 
exclusive of liihor. During the summer of 1023 it wfis unable to 
produce sufficient ice to meet the demands of all the buildings in the 
Suiitlisonian group. Repairs and renovation in the spring of 1024 
made its output meet the demand to the close of the fiscal year. 

Tlie Museum fire-fighting equipment w^ris given its customary 
regular inspections and tests, and it ia expected tliat all deficiencies 
will be remedied shortly, Congi^ess has provided for additional fire 
pmtection for the Smithsonian and National Tifuseum Buildings by 
an item in tlie executive and independent offices act approved June 
7j l!J34. and arrangements have lieen made with the Commissioner® 
of the District of Columbia for the installation in the Smithsonian 
Park of additional modern fire hydrants* 

The Museum, in connection with the transfer of the Government 
collection of coins and medals froni the Philadelphia Mint, acquired 
the exhibition case® in which the eollection hud boon displayed* Tlie 
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ro^ were built to fit a special cictagons] room in the Philadelphia 
Mint. ITiey consisted of font wall cAses, of three sections each, 
bulk to (it the angular spaces, and a central case^a double-faced 
polygon of 14 units, laocees to the interior fronts of which is through 
the space whidi would have formed u lifteenth unit had the polygo¬ 
nal construction been completed. By shifting the historical col¬ 
lection, the west north range of the Arts and Industries Building 
was assigned to the collection from the mint, togeliier willi otiicr 
similar material already in the custody of the Sluseum. Tlie dis¬ 
mantling of tliB highly finished, many angled cUscs in i'hiladeJphia 
and Ihrir reerection here reflect great credit u[>on the Museum cab¬ 
inetmakers and their associates in the undertaking, 

Tliere were constructed in the Museum workshops also 13 exhibi¬ 
tion cases and bases and 110 pieces of storage iind laboratory furni¬ 
ture. In addition 10 items of storage, laboratory, office, and other 
furniture were procured by contract. 

aiEBTiNciS Aim KecemoNs 

The National Museum is prevented by its limited maintenance 
funds from providing public lectures, as it would like to do, on the 
many subjects in which it is interested. It is ahvuys ready, liow- 
ever, to assist as far as possible other governmental, sclentilie, and 
local organisations which so disseminate knowledge. 

The auditorium and council rooms served for 105 meetings during 
the year, all of which were as usual open to the public. These 
gatherings included tlm National CJonference on Outdoor Eecrea- 
tion called by President Coolidge, which met in the Museum from 
May 22 to 24; the nineteenth annual meeting of the American As¬ 
sociation of Mureunis, May 10 to 13; the twenty-third annual con¬ 
vention of the National Association of Postmasters, October 10-12; 
one session on ^ptember 3 of the twenty-fourth annual convention 
of the United National Association of Post OlSce clerks; the meet¬ 
ing of the Northern Nut Growers Association, September SG-28; 
the meeting of adjutants general of the National Guard of each 
State, under the auspices of the Militia Bureau, War IX.pnrtment; 
two motion-picture exhibitions by the Public llcaltli Service; a 
three-day plant quarantine conference of State and Federal repre- 
sentativre and an all-day conference on the Japanese beetle and the 
Almpria grope, both under the Federal Ilorticuitural Board; a con¬ 
ference on conscrvaticin of tlic prong-homed antelope, under the 
Biolopcal Survey; two meetings with addresses before employees 
of the Forest Service; a motion-pirtiirc exhibition by the Depart- 
mont of Agriculture, and a lecture by the Secretary of Agriculture 
before the Americnn Committee on the International Institute of 
Agricaiture; one region of the National Conference on Vocational 
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Itohabilitution of Civilian Di^blcd^ under the Federul Bcjard of 
Vocjitional Educutlon; a series of healtli lecturca by ojiii- 
neiit pLysicieos urnkti^fed by Tli& Woman's Welfare Ass(K;ia- 
tion on altemato Simdoy nftcrooons fmm January IS to April 
27, inclusive; the ceicljratian by the Shakeifpeui'e Society of Wiish- 
ington of the teroentenaTy (l€SS-iyi5S) of the publication of the 
lirst folio of ShatkCspeareELn plays oa Kovembor 7 and 8, and a bene- 
tit for the Xatiuiml J^IonticeiJo Association by the same society on 
December 12: the fifth annual tuecting of the American Classical 
Leagn^ic; i\ series of lectures for Boy Scouts and Girl Scouts; tiie 
regular meetings of the 1993-24 season of the Anthropological So¬ 
ciety of TiV^ashiu^^doaT the Entomological Society of Washington, the 
American Horticulturai Society, and the Washington (D. C.) Chap' 
ier of tlie Wild Flower Preservation Society of j\jnerica; two 
meetings by the Audubon Society of the District of Columbia; and 
single meetings under the Dusj>ice$ of the Washington Society of 
Engineers, tJie Writers’ League of Washington, the Southern ilary- 
land finmigration Commission for thci purpose of organizing a gar¬ 
den home a^ociation, the Potomac Garden Club, the Light Bear¬ 
ers of Wasliington, the Puerto Rico Society of Washington, Fed¬ 
eral Post No. 894 of tlie Veterans of Foreign Wars of the United 
States, the Federal Photographic Societyj and the Smithsonian 
Relief Asswiation* 

The exhibition halls were opened for four evening receptions. On 
NoFcml>er 13 a reception was teiulcred to the delegates and 
friends of the SouElicrn Medical Assoc^iation, then holding its seven¬ 
teenth annual meeting in Washington. On January 22 the Archae* 
ological Society of WaBhingtorit aOiliatcd with tlio Archnelog- 
ical Institute of America, arranged for a reception In th^ ^ace 
iissigned the National Gallcrj^ or Art, inune^Hately following a lec¬ 
ture in the auditorium by Count Byron Kuhn do Prorok on “Ex¬ 
cavations in CaithageL^ On April 22 the n^gents gave a reception 
to the members and frienda of tho American Chomicul Society, as a 
part of their spring meeting in Wasliington, April 2l-2&^ which 
unusually well attended. On May 22 the, lirst floor and the 
foyer rooms on the ground floor were tlirown open for the reception 
to the delegiitea to the National Conference on Outdoor Recreation. 

ITfRCELIxANEOTJS 

The nnmher of lidsitors to tlie Natural History Building during 
tho year aggregated o4(h77fi; to the Arts and Industries Building, 
200,012; to the Aircraft Buildiogj 43,534* and to the Muoeum ex- 
hilsition halls in tho Smitlifionlflii Building, 104.601. 

As a mark of respect to I^resident Warren G. Harding, aJl tho 
oxliihition halls;^ as well as the offices, were closed at nuon, August 3 
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1923, for the boliuice of that diiy, and Hgain from 1 p. m, on August 
T until aft«r the funeral at Iferion, Ohio, on August 10, Visitors 
were also denied entrance to the Aircraft Building from January 11, 

1924, to February 4, to permit of the inatallatiou of the Fokker air¬ 
plane T-S. 

Tlie Museum publislied S volumes and 44 separate papers during 
tlie year, A publication in the bulletin series of several years ago, 
“The Mineral Industries of the United States—Manufactured Gas in 
tlte Home,” rrns reprinted for a second time through the hnancial 
assistance of the nuthor, Samuel S. Wyer, Museum publications to 
the number of TS,T34 copies ^vore distributed by the Museum to 
libraries and individuals on the regular mailing lists and in response 
to special requests. The distribution exceeds the number of copies 
printed during the year by nearly 1,000. Some 250,000 labels, repre- 
aenting nearly 1,100 fomiB, were also printed, and 163 books were 
hound for the library. 

The Museum is more and more dependent upon donations and 
exclmnges in building up its library, since the number of books it can 
purchase with its small book appropriation ia constantly dwindling. 

Books are very necessarv tools in the dassificBtion as required by 
law of objects intrusted to its custody. Tlie additions to the Mu^um 
library this year comprised 1,521 volumes and 2,607 pamphlets, 
making a total of 164,748 titles in the library. The number of loans 
made was 10,577, of which 6,139 went to the sectional libraries of tlie 
Museum. 

Three members of the staff left the Museum through the opera- 
tion of the retirement act: W. I, Adams, disbursing agent for nearly 
20 years, with service in anotJier bureau of the institution .aggre¬ 
gating 28 years in all; Joseph Horan, sergeant of watch, with a serv¬ 
ice of 42 years; and A. F, Adams, classifier in the library, whoso 
retirement, granted in October, 1923, was effective from June 2, 1921, 
with a service of 30 years. 

Tile uecrolngy for the year included Miss E. D. Tabler, derk for 
nearly 41 years; J. J. Dokn, who served in various capacities for 
32 years; George W. Spier, honorary custodian of watches; John L. 
Baer, Museum representative on the Marsh Darien expedition; and 
Charles M. Hoy, a field naturalist collecting In China for the 
hfusctim through the generosity of Dr, W, L, Abbott. The Museum 
also lost hy death a number of its long-time benefactors, including 
Rev. Alfred Duane Fell and Ralph Cross Johnson, 

Respectfully submitted, 

IV. DE C. R.VVEKEL, 

Administrative Asmtant to the Secretari/, 
fn charffe United States National Museum. 

Dr, Chables D. 'VVAijcoTr, 

Seoretari/f Smithsonian /mtitution. 


APPENDIX 2 

REPORT ON THE NATIONAL G.iLLERY OF ART 


Sm: I have the honor to submit the following report on the affaini 
of the National Gallery of Art for the year ending June 30^ 1924: 

The fourth year of the e:(istence of the Nutional Gallery as a sep- 
arnte administrative unit of the Smithsonian Institution has wit- 
ncssed substantial advance in directions coriresponding closely with 
those of preceding years^ ftlthouglr its activities have been restricted 
by the lack of funds for the purchase of works of art^ for travel and 
for active promotion. The staff, limited to two members, has been 
occupied largely in the current work of the gallery, with receiving, 
recording, cataloguing and instnlling collections, permanent and 
temporary. A number of Important works were received durisag 
the year notwithstanding the fact that the gallery Is without suit¬ 
able space for the display of additional exhibits. The discourage¬ 
ment due to the shortage of gallery accommodations is, howeveri 
greatly lessened by the well-grounded expectation that additions of 
great importance await only the fuiiilling of stipulated conditions 
and by the further reasonable expectation that when the contem¬ 
plated gallery building Is completed progress will be greatly 
acoelorstcd. 

During the year constant effort has been made to impress upon the 
country the urgent need of a national gallery building, without 
which little progress can be made. A majority of the art works 
now owned by the Nation ha™ been acquired simply because there 
happened to be available gallery space in the Natural History 
Museum in which collectors could see their treasures properly in¬ 
stalled. Although Congress, in 1921, set aside an appropriate site 
for a giillciy building, it was left to the Institution to obtain the 
funds necessary for the employluent of an architect to prepare the 
plans and for the erection of the huildiug. As the result of an 
appeal for the former purpose ?11,000 was raised and Mr. Charles 
A. PJatt was engaged on the plans, this work being under way at 
the close of the yean It is feared, however, that funds for the 
erection of the building can not be obtained in this way, since the 
people incline to the view that the Nation should provide a building 
reqiuivjd for purely national purposes. 

It is anticipated that Congre^ will in the near future come to feel 
the urgent need of a home for the valuable works of art that patri- 
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Otic citizens have contributed to the Xntion and for the still richer 
contributions that nmy be conlidcatly e&t>ecicd ■when a gallery build¬ 
ing -worthy of the Nation is provided. The need of an additional 
building in the Smithsonian group is strongly emphasised by the 
fact lliat this building when completed will bo called upon to 
accommodate not only die arts of painting, sculpture, architecture, 
and all the other arts in which the esthetic is a dominant feature 
hut die extensive collections of tho department of American histoiy 
which now encroach so lamentably on the space rightfully claimed 
by the scientific departments of geology, anthropology, archeology, 
and natural history. 

The recent introduction in die United States ,Senatc by Senator 
r<odgc of an amendment to the dedciency appropriations bill pro¬ 
viding for a gallery building gives gratifying assurance of the 
awakening of public interest in national art, Tlie amendment of¬ 
fered is ns follows; 

Tq tlio Regeats of tUc f^mlttisjnDSnii Institution to 4M3mtneiir^ Hie cr^&c- 

tIoQ of D siiituble CLrepruof bnEIdlnj; wlUk finnltp fronts for tlic NntlonBi Oill- 
of Art, tnclndlog tlie Nation hi Portrait Ghllery and the history coHoctlon^ 
ol the CTultecI States National Museunn on tbt north side of the iilall l»«tw<^ 
tike NtitURil Htiiftory Biillilitig and Sovonrli Streett $2,f»0.000: ProvMcd, That 
the total af said bnlldlnir ctimplcten lnelijd|i]|* heating and t'entllutlcrtt ap- 
pnratiiB and eTerBtors, shall nut escjeed ^7^000,000. 

Among the agencies engaged in promoting the gallery’s interests 
die American federation of Arts has taken a lending place. The 
task of arausing the people to a realization of the buckwanlness of 
the art side of American culture derelo]uncnt is iittnisled to the 
360 chapters of the Federation distributed widely throughout the 
States. In like manner ithistmtG<l lectures have been widely pre¬ 
sented, two sets of colored lantern slidea illustrating the ^llerv 
collections being in extended use, one under the auspices of the Fed¬ 
eration of Arts and the other of the Federation of Women’s Clubs. 
Kiidio broadcasting has also been utilized with good effect. 

NATIONAL OALLEar COlLMlSSlON 

The tliird annual meeting of the National Gallery Commission was 
held in tlie regents’ room of the Smithsonian Institution, Di>cenil>er 
11, 1923, the following members being present: Herbert Adatno, W, 
K. Bisby, Joacpli H. Gest, John E, T,odge, Gari Melchers, CharleB 
Aloore, James Formelee, Charles D. Walcott, and William II. 
Ilolmejs, 

The secretary of the camniission presented a report on the activi¬ 
ties of the gallery for the year and reports of the stancling and 
special commiUees followed. 
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A number of impoitaiit topics pre^oted for consideration by the 
commission were gone over m aJl necessary dotniL. It was stated 
by the secretary that the war portrait collection^ after two j-ears^ 
circulation by the American Federation of Arts, had been returned 
Lo the gnllery and placed on exhibition m association with the 
World AVar exhibits. 

Tho oiiiiatuittee appointed by tlie commission in 10132 to advi^ witli 
the comniittco on the purchase of works from the Eanger fiind^ 
llessts. Kedfield, Melcherst and Holmes^ made no report, but it was 
announced that during the year 11 purchases were made fi*oin tivis 
fund none of which, howeverj were assigned to tlie Xational Gallery. 

Attention was given to the resolution submitted by the regents^ 
February 8^ 1923^ requesting consideration of (ho suggestion of cer¬ 
tain urehifects that a museum of architecturo be founded in connec¬ 
tion with the InsdtuHon. discussion, the following rt^^lution 

was adopted: 

That the CoaiailfiaSon of the Natlii^Eml of Art iwoniTnend 

to the Itegeuts of the SmlthsonlaiL loEtltutSoa the htcKuyioti of a tnviiiLloa of 
historJml architecture In the Nadonat Gallery of Art. Tike aivlEauu yliQiilEl 
seelt lo eetahlifih atanclariift !□ iirchlioctun?, rumUcin^ tiiiU laaclHcniie ttrchi’ 
lecture for the IjeneUt of students and Dtlicrs hiLerv^tcil io the pres^rvutlon of 
tho hh^orlc liufldla^ of Amerrea. 

Extended consideratian was given to tlie important problem of a 
iiatioDiiJ gallery building, ns to its character as the prospective Joint 
home of national art ond national liistory, and as to tho raising of 
funds for the construction of a building wortliy of its purpose and 
of the Aniorlcan Nation* Tlie various agencies tliEit might bo en¬ 
listed in the work were roviewedj and the impne^ion prevailed that 
obtaining funds for the purpose by subflcription was not within the 
rfmge of feasibility. Tlie possible adaptation of the George \Vnsh- 
ington IMemorial Building, now in course of construction, to the 
purposes of art and history was suggested^ 

It was agreed that the Brst and essential step was the preparation 
of plans for tJie proposed structure, and tho raiding of n fund for the 
purpose was considered^ Discussion led to the announcement by a 
member of tho commission that he would be responsible for one half 
of the amount required when the other lialf is raised- Another 
member indicated that he would gladly help* and a committee of 
three—Ifr. P.irmeleet Jlr^ Moore, and Mr. Walcott—was appointofl 
to take diarga of the task of completing the fund. 

The election of ofTicerg and nfi™ljers of tJie commission and meni' 
hers of the committees followed* The resignation of Mr. Daniel C. 
French as a member of the commission was announced^ and ^fr. 
Gari Melchers was selected to succeed him a? chairman of the com- 
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mmioti. Owing to the nonncoeptaDce of el<!Ctioa to mcinbership 
on the commission of b£r. JQonman Hobs, Hr. James E. Fraser was 
elected to fill his place, and owing to a wrong understanding of tlie 
resignation of Mr. French, which was intended mecel; as resignation 
AS chaiminn of the commission and not from membei'shlp in the com- 
mission, Mr. Joseph E. Breck was scleoted to fill the supposed 
vacancy. Mr. Brock, however, declined tho appointiueot, making 
possible tho restoration of Mr. French to the commission from which 
his resignation had been accepted under a misapprdionsion. 

A special meeting of the gaUeiy commission was held in tho 
Regents’ room of the Institution February 11, ia24, to consider tlie 
report of tlio committee appointed at the December 11 meeting of 
the commission to complete tlie raising of the $10,000 fund estimated 
as required for the preparation of proliminary plans for a national 
gallery building. Sis members of the commission w-ere present — 
Gari Afclchers, James Parmelee, Herbert Adams, Charles Moore, 
Charles D. Wolcott, and W. H. Holmes. Tlio funds committee of 
three, Messrs. Parmdee, Moore, and Walcott, reported tliat $11,000 
had been subscribed. The commission then proceeded to consider 
tho question of the character of the proposed building, after whicli, 
c^plying with the request of the Board of Regents of the Inslitu- 
tion, a vote was token on Bie selection of an architect to prepare 
plans. The vote of members present, supplemented later by votes of 
those not present at the meeting, resulted in tlie naming of Charles 
A. Platt. 

The advisory committee on acceptance of works of art met on 
December 15, 1823, and the following works, received subsequently 
to the previous annual meeting but in large part listed in the annual 
report for 1923, were favorably considered: Twenty-two paintings 
in pastel, comprising 71 portraits of survivors of the Civil War, 
Federal and Confederate, 50 years after the Battle of Appomattox, 
painted by Walter Beck; gift of the artist. Thirteen portraits 
painted by eminent American artists and representing distinguished 
leaders of American and allied nations in the war with Germany; 
presented by the national art committee. Bust in bronze of Jeanne 
d*Arc, by Madame Berthe Girardet; presented to the American 
Nation by the artist through Mrs, John Jacob Hoff, in these words: 
“To tile American people in memory of what our soldier boys have 
done in France at a crucial time of need”; acceptance by the Smith¬ 
sonian Institution was approved by tlie committee. Mantel of carved 
white holly, with fireplace of pink Nu midi an marble, from the 
recently demolished residence of the late Benjamin H. Warder, 1515 
K Street NW., Washington, D. C,, Henry Hobson Richardson, archi¬ 
tect; gift of William B". IV. Parker. Four paintings. The Storm, 
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hy Liidolf Backhuysen; 6g\ir^ of a Turk, by Eu^qe BAsl- 

crom; portrnit of Jolin Head^ by GiUi^rt Stuart; nnd the portrait 
of A Lndyi by Gilbert Stuart; bequcat of Georpe 11. Story. The 
Philistine's Attacked witii the Plu^uc, by Nicolas Poussin—^etch 
for the lar^e painting in the Txiuvre, Paris; gift of W, H. Holmes. 
Two paintings by Sarah Paxton Ball Dodsois^ Wild Parsley and 
Une Martyre; gift of Hicliard Ball Dodson. 

A&r woiuta AUiiEn durtno thk 

Tlio peimaneat accessions for the year ai'e linutcd in number and 
are as follows: 

Four paJhtingSt the bequest of George H* Story: Portrait of A 
Lady and portrait of John Tleadj by Gilbert Stuart: panel by 
Eugene Delacroix; The Storm* by Eudwig (Ludolf) BackhuTsen. 

Two paintings by Sarah Paxton Bull Dodson (1847-1906) : Wild 
Parsley, painted at Belvedere, Brighton, England, being a study for 
the foreground of The Annunciation, a painting now* in the Penn¬ 
sylvania Academy of Fine Arts, Philadelphia; and iTna Martyre 
(Saint Tliecia), exhibited in the Paris and Munich Salons of 1891- 
Gift of Richard Ball Dodson, Esq., Brighton, England. 

Portrait in pastel by Walter Beck of the naturalistj John Bur¬ 
roughs, painted at Woodchuck Lodge, Delaware County, N, T., in 
1912. Gift of an admirer of John Burroughs.” 

ryEmpereur, a large canA as by J. Carroll Beckwith (1852-1917), 
representing the bronze statue of Napoleon projected against a brib 
liant sunset,, received at the gallery as a loan from the artist in 1916. 
Presented by Mrs. J, Carroll Beckwith in 1&24. 

Tlic FirBt Gun at Fort Sumter, by Alban Jasper Cooant (1821- 
1915), a large canvas in which tJio portrait of Maj, Robert Anderson, 
United St&tc^ Army, standing, is projected against a great gun in 
action. Major Anderson was in command at Fort Sumter upon its 
Burrender in ISfll and was one of the founders of the United States 
Soldiers' Home, Washington, D. C. Gift of the Hon* Lar^ Anderson 
anticipation of the day when there shall be a national portrait 
gallery.” 

The Philistines Attacked with the Plague, by Nicolas Poussin— 
sketch for the large painting in the Louvre, Paris. Gift of W* 11* 
Holmes. 

ACCCTrtn ur tite oai*leht 

Mrs. Ralph Cross Johnson deposit^Kl a collection of 11 early 
Christian paintings, referred to as “ primitiTes,” by Italian, Dutch, 
Flemish, and Spanish masters, and indicates her intentioti to make 


244r»7 




52 ANNUAL EEPOBT fiMJTHSONlAN IN&TllUTIONj 10H 

the deposit a permanent iddition to the gallerj^ The list 
follows: 

ivi, AlbertlneUi (14TI-im5>: Hi>lr Pmmily end St Jtihn. 

BcniIInxlD or Ventre {149I-15S^) : Cbrlst Addi'esetni; the People. 

CiJorglone (147T-l&lO)p nLtributcd to: Befld of Cbrlst. 

B. vim Orley : Adoration of the K1 d£b. 

Jn^f Oq mheTA (head). 

G. B. Tleiio3o (1GOO-17TO): Boptlom of ChrM ; Christ hi Uie Teci[4o. 

Itu^cr Vau der Weydeh (^300-1404) : The EotombniKmt 
Ive^stianflu dft V'locl (i45S-15iO)t lUtrttmtefl to: Head told man). 

Artist ttntlotertniticth Hetid of youh^ wotmin. 

Artist rrndetcrmlncfl, GM riemlah: VJtidn and Child (witb npple>. 

Mrs. Kalpli Cross Johoson has iotnisted to the gallerr for teni- 
porerj' tare and display tlie following valnabJe worts: 

sir W'lIIlam Bceehoy ; Portrait of tlie Duko af Sus^x. 

Sir Ao^ustus IV. CsBeott (1^'^^344) ; St. Pnars aod Black Frlar'e Brld^ 
John Csnstahlc (I770-18A7); Larije tnnd^cntte. Oeiihaca Vatej seuull hiDds- 
cttiK*, Heavy Clouds. 

William |>obewn tlUlO-ia-tfl} t PortTnlt of the poet Waller. 

CL JnnssenS van Oeuleo (died between 1002-111^) : I^ortnilt of ItenryK Prinea 
of WiiKfs (or Prlfn.-e Cbarte)? 

J. lordiienk (150^-1078) : Pori ml t of Uubena' wife; 

Sir Tii™ns I-awrence (ItdD-lSSO)! Self porlfalt 

Jan Molemver {id—7-1 CSS): Foittlve 

Sir Henry Kacbnni (17511-17021: Portmlt of a man. 

Sir Jnshim Reynolds (1723-1702): Portnidt of Richard Brinaley Rboiidaoi 
portmlt of Lord Liaord; portrait of Lloyd ; portrnLt of Lord RoUt. 

Hprid Etobens (1700-1884) : Interior of New OxforC 

WllUfttu ClnrkBcn StandeM (ITEKt-lSbT) ; Marine^ At>T>foach|n^ Storm. 

Jakcb vm StrlJ (1750-18151 ; Botch lumlscnpe. with ftt^urea. 

Rieliard AVUstm (lTli^l7iSi2>: Itnllaa landsintbe; land^p^; hmlscApe, 
Undetermined artist: Portrait of Mr. Ralph Cross Johnaoi^ 

Mrs, Marslmll Langboine, dAughter of the latei Ralph Cross John- 
son and Mrs* Johnson^ has intrusted to thcgallory for temporary care 
and dbtplay the following valuable works: 

John Coh^able (1770-1837)! T4inilBcnp& 

Tbomus OtiltL'iLoroUKh C17i?i-l7SS> : l^Tidscupe ; amull landscape. 

F. GoartU (lTi2-t7D3>: Siirene In Venice, 

John Hopimer (1758-1810) t Portrait of an Irish pentlemnn. 

Sir Godfrey Kneller (15441-1723): Portrait of a nentlemuiL 
Sir Peter TjCly (IfllS-lOSO') l t^ortniit of tlie VEscoanless Ilatton. 

P. Jlloreetse (IfiTl-ll^) : Portrait of Judith van Volherfen. 

Sir Henry Eaebnm : Portmit of a boy. 

Jan Steen (1020-10701: ITie Boctor*s Visit. 

Richard VVilson (1714-1782): Lnndaoipe. 

Two pnintitigs from the hoquest of Mia. Cnssie Mason Mycra 
Julian-J&mcs to the Unitesi States National Mui^nm; Rustic Dance, 
bj Jean Antoine Watteau; and a Study for the Head of a T^arge Pic - 
ture, by Van Dyck. Lent by the Mtteeiim. 
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Portrait of Pn.^idfMit Warren Hardings hy B, Hodgson Smarts 
Ijent by the artist. 

Tlirce paintings^ lent by Mrs. John Biddle Porter, of Waaliington, 
D* C., which formerly belonged to lier gmndfalher^ the Hon* Richnrd 
Rush, Krgcnt of the SmiUisonian InstitiitioD, 134^1859: Mrs, Sid- 
dons in the Tragic Muse (copy by Bembrandt Peak of Sir Joshua 
llcynolds^ celebrated painting in the ffuntington collcrtion): Milton 
Dictating to hb Daughter (wpy hy Keinbrandt Pealc); ix>rtiiiit of 
Hon. Bicimrd Htisli (copy of tlie piiintiug hy Healy)* 

Portrait of Associate Justice Pierce Butkr, of the United Staks 
Supreme Court, by Nicholas Richard Brewer, Ijent by tlie artist ar d 
withdrawn before the close of the year. 

Mi^ Annie A. Wells, of Washington, D. C., has lent two medieval 
paintings (small panels)* 

Portrait of Capt. John 1.^1 w^n at the age of 5, by Sir Joshua Rev- 
nolds, and portrait of Benjamin Franklin, engraved by F. Janincl, 
IT89. Ivent by Mrs. Robert J. Walker, through Mts- Henry T. Bull, 
Fort Riley, Kaus. 

Portrait of Chief Justice Joseph C. Hornblower and portrait of 
Mary D,, his wife, hy artist unknown; portrait of Roderick Austin, 
attributed to Sir Godfrey Kneller; and painting representiug a 
sacrilice interrupted by soldiers, artist unkno’^vn. Lent by JIrs, 
Caroline B* Hornblower, Wadiington, D. C- 

Portraits by Gilbert Stuart, of Benjamin and Sarah Tappan, 
owniHl by Jfargaret and Anna Hulett. Lent by Mr. H. K. Bush- 
Brown, ’VVashington^ D, C, 

Portrait of the Hon. James R. Mann (1S56-1942), late Member 
of Congress, hy Gari Melchers, X. A. Ijcnt by Mrs. James R. ifann, 

ILIANS or THE c;AtJ.lU!T 

Two paintings. Portrait of a Lady, by .Andres Zorn^ and the por¬ 
trait of Henry Fuller, 1873, by George Fuller, were lent to the 
Dallas Art Association. Dallas. Te]C.. for its fourth annual exhibi¬ 
tion, held Kovember 14r-28, 1923. These works have been returned 
to the galleryp The exhibilLon was international in cliaracter, and 
a distinguished collection was secured for display. 

The Happy Mother, by Mas Bohm, was exhibited at the Art 
Center, IVasliington, D. C., on the occasion of a memorial meeting 
to the artist, Octolier 20^2i, 1023. Sfr# Bohm died on September 23, 
1923. at Provincetow n, Mass. 

Three group |>ortrails, comprising the Ifosby triptych, from the 
collection of pastel portraits of Union and Confederate Veterans of 
Uie Civil War, by ^iValtcr Reck, were lent to the Brooks S^feiuorml 
20 ^ 0 ) 1 — 2*5 - 5 
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Art (iallery, Memphis, Tenn., for cxliibitloa there durin;; the Con¬ 
federate reumon in June, lDa4, They have been returned to their 
places in the irallery, 

Two paintings by J. Aiden Weir — Upland Pastiii'e and The Gen¬ 
tlewoman—were lent to the Metropolitan ^lusoum of Art for a 
memorial e^chibition of the work of tlrnt artist lidd in the Gallery of 
Special Exhibitions from March IT to April 20, 1D24. These paint¬ 
ings hare been returned to the gallery. 

Three paintings—Birch-clad Hills by Ben Foster, A Family of 
Birches by Willard Ij. Meteulf, and The Island by Bdward W, Bed- 
field—were lent to the AmerJeon Federation of Arts, which assem¬ 
bled and sent, through the cooperation of the Department of State 
and the United States Shipping Board, an exiiibition of paintings 
by American artists to be shown at the great international exhibi¬ 
tion in Venice during this spring and summer, 1024. 

Thirty paintings by contemporary American artiste, largely from 
the William T. Evans collection, were lent to the American Federa¬ 
tion of Arts for its traveling exhibition during the season of 1&23- 
24 These jw in tings were shipped to the Michigan Art Institute at 
Detroit for its exhibit of August 31 to September S, 1923, and have 
since been shown at Nashville, Term., Kansas City, Mo., Peoria, Ill., 
Memphis, Tenn., Lincoln, Kebr., Clay Center, Kans., and New 
Orleans, La. They have been rctiirned to the gallerv. 

The painting by John La Fargo, entitled “The" Visit of Xico- 
demus to Christ,” was lent to the American Federation of Arts for 
exhibition at the Carnegie Public Library, Fort Worth, Tex. Since 
returned to the gallery. 


TilC ILEKBX WARD RAXOim flTj,’!) 

Since the paintings purchased during the year hy the Council 
nf the National Academy of Design from the fund provided by the 
Henry Ward Hanger bluest are, under certain restrictions, pro- 
spective additiotis to the national collection the list may be given in 
this place, The names of the iiiatitutions to which they have Iwn 
assigned are as follows: 
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$ir Tb* llanrliic lifcvir.- EbbmX □. A. K, 
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Si TliiUtl]* mEic«?i —[ Kbj} ADdfln&a, A.N. 
il EphlIjii InifrlQr^..! J&hn C. JebAtiMq, K, A 

EfMil L. 1^11. .4,N. 


H- CApliin TtyWw 
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tl Fir Awif iDd Lqdi 

Apur 
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P. SiJUfil WrtUiini, 


TtlEbJr Audicnr cf Am aih] 
Bmcini, laiiTULCu^OL 

Cfldjr Sl^pUlM An 
eHob, 

Ttu Cplumtius. ^ 

rjfmArtl..Cdhiniihiia nTihp.. 

Fm© TuhUd Alt CliJkfT, 
Tc4. 

Anwt Mt Oilksrr, Elmifp^ 
N. V, 
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TiUt 

ArMal 

DHtD |Kir- 


SA. __ 

lAr'iDJaiyi S. N, A_ 

Apf. ~,im 

TT . . .tifl r r vr r 

Apr 14,1^ 

. fla ... 

Wsoo AnLMilHi WAffi^TKl. 

Tree RnbLUi LLbe^ry q| 
Jmtj Ctty, JtfTsty ntj, 

H. J-. 

T1** _ 

SpOTWot NEchoK A. X. 

1 ArT^iDJ A. X. 

HIctiAftJ £. illHiir, N A„.. 

HUdi NoCUkv.,..^. ...... 

T1i» Hrwl Ht Cir^ 
vunvIlUi. 

11. ClcAfioi AlUr 

Uiubw dhk — 

MaIha 

E, W. IlftilfiiAI.......... 

iiaWELrtJ Rti^FlS VuElw, 

Apt. TkIUCM 


^iPECUl, KXirrUTIOX!} hrlu ix tjie gallery 


A coll^ctiot) of Dine puintinj^ by the Tuscan artists Frun(':csi;n 
GioK {lfl46“1922) and GioH, lent by the Royal Kinbassy of 

Italy, Washington, D. C., was shown on screens in the totejii-}K>1e 
rtioiu at the south end of the gallery, 

A special joint exhibition of paintJtigK by Savely Serin and 
sculptures of Seraphin Soiidliinino was Jielci in the large central nKiiii 
of the gallery. The opening view, cards for which were Iseiued by 
the Smithsonian Institution, took place on the iiftcmfx)n of Janu¬ 
ary 10, from S to 4.30'. The exhibition closed on January 27, 1024, 
An exhibit of the art work of Viennese children, pupils of 
fessoi- Cizek, of Vienna, was held in the lobby of tlie Natural 
History Uuilding, under the auspices of the Anierieun Fcileration 
of Arts, ilay I to ID, 1.D24. This exhibit is being circulated in this 
<xjuntry under the auspices of tlie Rockefeller Foundation, 

IXSTAIXATIOX OF TQE WOSJJl W AR I^OIfllWlni 

In the uniiuat report for 1923 a brief account was given of the 
painting and subsequent history of the Il'orld War portrait collec¬ 
tion provided by the Xational Art Committee, and it may be desir¬ 
able here to repeat the statement there made to the effect that the 
original plan for the acquirement of the collection for the Nation 
has not as yet been fully carried out. In order that the gift of 
these portraits ndght have a distinctly national character, it was 
planned that a group of two or more, financed hj uitii'.ens of any 
city, shoidd be inscribed as presented by that city. Thirteen of the 
portraits were in this manner added to the national collection, while 
eight await the reawakening of the patriotic impulse tliat inspired 
the original movement in helialf of a World Wor oollection. 

In 1921 the collection was turned over to the American Federa¬ 
tion of Arts by the committee for exhibition purposes, and was 
showm in 25 of the principal American cities. On arrival m Wash¬ 
ington, -Tune 13, 1933, the portraits, 2d in number, and 1 portrait 
group, supplemented later by a portrait of the Queen of the Bel- 















56 AKKCAL ItllPOBT SMITBSONlAX I KSTIi: IfTlON% im 

were installed in the foyer of tiie New National Museum, in 
direct ftssociation with the gre4fLt cx>Lleetion of World War historical 
esthibits. This proved unsatisfactory, however, and apace was 
Unally provided on the second ih>or of the Natural History Museum, 
where pnrLitions were erected indosing a floor space 34 by 37 feet* 
This improvised gallery, artificially HghUch although separated 
from the gallery pi‘ 0 ]>er, proved to be quite satisfactory, and the por¬ 
traits are shown to good advantage. 

nTeraiBunoNs 

Ivoans have been withdrawn by their owners as follows i 

Evening; Junipers in Winter, fay Ludwig Dill; withdrawn by the 
American Federation of Arts. 

Portrait of Associate Justice Pierce Butler, of the United States 
Supremo Court, by Nicholas Kichanl Brewer; withdrawn by Mr. 
Butler, 

Forty-one paintings by O^ip Perelma; withdrawn by Mr. 
Perelma* 

Portrait of San I^ireniiso Gubstiniano, by Gentili BcUini; with¬ 
drawn by the American Ked Cross through Miss Irene “^L Given- 
Wilson, curator of the Hed Cross litiiseum. 

Painting entitled ‘"A Prayer to St. Genevieve,” by Mme. la Mar- 
qube de Wentworth; withdrawn by Dr. J. H- Gore, 

N13CEOIJOOT 

The announcement of the death of Ralph Cro$$ Johnson on July 
D, 1923, at his sumuior home, city of Belfast, Me., where he and Mrs. 
Johnson had settled for the summer, came a^ a great surprise and 
is deeply regretted by the Smithsonian people, and very especially 
by the staff of the National Gallery. Mr, Johnson's gift to the gal¬ 
lery of masterpieces of painting is regarded as one of the richest con¬ 
tributions ever made to the art treasures of the Nation. 

The Bev. Alfred Duane Pell, D. D., of New York City, a bene¬ 
factor of the gallery, died in April, 1924. 

Appended to this report is a list of portraits and portrait sculp- 
turo, approximately 450 in number, belonging to the Smithsonian 
Institution and its branches (not printed)- It is intended to serve 
as a reoord of the Institution's collections m these branches and for 
convenicnoe in organizing the contemplated national portrait gal¬ 
lery. 

Respectfully submitted* 

W* H* HoLiiEs, Director- 

Dr, CirAKnis D* Watcorr, 

JSccr^taryj Smiih^nian In&fUvtion. 


APPENDIX 3 

REPOBT ON rilE FREER GALLERY OF ART 


Sir: I have the iionor to ^bniit the fourtli annual report on tlie 
Freer Gallery of Art for the year ending Juno 30, li}24. 

TIIE COI.LSCTJON 

Work completed during the year include-s the exyminutinn, ckfisi- 
fication, and cwlnloguing of Clunese and Japanese stone sculptiii’cs 
and paintings. Furtlier work has been done in tlie prcservatton of 
oil paintings: 40 Whistler water colors and pastels iiavB been re* 
framed, and the titles of those on exhibition have been painted upon 
tlie frames. Tlie trlettering of titles and references upon the mounts 
of "Rniistler etddngs and lithographs is well advanced and the work 
of remounting a certain number has Iwcn begun. 

Identification pliotpgrapiis of all objects in the collections of pot¬ 
tery, stone sculpture, jade, and bronze, and of a number of Chinese 
paintings in panel form have liecn made. These photoginphs are 
mounted upon tho cards of tho griiGnjI catalogue and provide an 
easy but accurate means of reference which aavefi much handling of 
tlie collections. In response to iwjuosCs other photographs and slides 
have l»en made, reproducing not only objects in the collection, but 
also cases and othrr details of installiition, as well ns views in and 
about the building. 

During Jauuanr anti Fcbruaiy a special exhibition of 136 lYliistler 
etchings, dry points, and lithogi'splis was on view in Galleries I, IT, 
III, and IV. In May tho Chinese m^-hiano, shown in Gallery XIV, 
wei^ installed in cases built to receive them. Other changes in ex¬ 
hibition involved 4*2 oil paintings, 14 water colors. *2(t pa'^lfln. fl 
Indian paintings, 3 Persian paintings, H Cliineso pniniings, 2 (ihinese 
bronzes, 2 Chinese sculpturra, I piece of Korean ijottery, 1 Japnne.se 
painting. 

One thouBOjid four hundred gallery books, giving detailed infor¬ 
mation about objects on exhibition, have Iwm compiled, minieo- 
giapliwl, ttiiil Ixiund for use in all the M histlcr giilierSes. indudirtg 
the Peacock Room. Through the courtesy of the Boston Jruselim of 
Fine Arts, the Synop^Hin of fUstoty, a parallel chronological table 
preparc'd for the use of students, has Ijeeii Issued In a Freer Gallery- 
edition, which has had a second printing of 500 copies, while our 
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Ijniiiphlet giving generul iiifoirnntioii iiboiit the guJlety Hnd collisc- 
tions has readied n third printing of 3,000 copies. One thouiionil 
four hiindrec! and eighty-two copies of the foregoing puhiicatione 
Imve been sold at the north entrance and on order. 

Additions to the coileotions hy pnrchasi^ are as follonij; 

FR{l?rZX, €BrNEAR 

ira.L vessel of I he type eAra. Clioti sbunaty, 1122 to 2^^ B. C, 

22i.2, TnJIet fws of the typo l/cn. Slac D>‘£iuHtle 4 , sixth cenlnry 

PAIKTISO, INdlAN 

2^3, JaJna Ulimilnitted of the KhIPMi Sflim, Arteenlh eootory, 

23.7, PiifiLmma Iligtnf. Hnjptit. liSjosthilnL Abont A- D. im 

23.a The tfraeloua tnnEiirc^tiitloii of nevL Ihijput, mjaeLkiAnh neretirtentli' 
elljhtecnih eehitiry. 

The deoth of Ilnjput„ FAhoxi (?> seveutw^tli lontDry (IK 

23;. 10. Dninaynntfj Wod<ltn£ Prwessioii. RuJptiK PflhBrt Fmtn 

the tVnla-Dameynntt series. Ijito, el^hteehth eeiiittlry. 

23. IK From the Nolii^Dameyantt aerie*, lUlput, F^hu rl iKAn^frilK La he 
eighteenth c?eiitnry. 

23.12. From the Nola'Dameyentl series, llnjpuh PAharT (Khn^rrl) Late 
eighteenth century. 

23.13. From the NuLa-Danieyaiitt series, RaJpuK PflhArl (fCAQitrAK iJite 
cleliteenth c?entury. 

eAl^TJ^a, FcearjiK 

2a4. Bum I DC lauiK About A. D. 13 IjO. 

23i.&. From n Shnh NamOh MS. Zo^ok feustln^L About A. D. 1300. 

23,0. Mnjnnn. About A. f). 15O0L 

SCUUTVEE, CJirN&iU 

2K1. Toelst iBvLuIttee aiuJ flornl clesiims, Encruved Umostene lunette. T'nng 
itynostyi Heventb-el^hth century. 

212, A Bu-dilliJst pr<H^fsaalLin of lUUalriujis Hnd a diincee, limestone reUef, 

irttiig dynasty^ elghth^nlnth oeutury. 

Additions to tlio librarj^, by gift end purchase^ eoinprise T maps, 
134 painplilcts, and 14li books and periodicak in vaiioit^ Asiatic and 
European languages, A list of these udditions accompanies this i^e- 
port (AppendijE not printed.) The nccesan' work of examin¬ 
ing the Chinese texts for omissions anti duplications due to faulty 
printing and binding has been begun and is sLiU under way. Sev¬ 
enty-four volumes of European tjooks have been rebound. 

BDIIJIINO ANf} mVn'yJKNT 

The workshop baa buUt during tlie yoar^ one IS-foot ease, three 
12-foot cascs^ and two D-foot cases, with easels to be placed in 
abot four 70-inch eases, two small square cases, and aix stands for 
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ohjects aliown in cases- Si^ new wooden frames for cnscss were made 
Rnd the glass tops for these nssembled. For this work a table and 
rack with a metal pan was built. Two new pedestals for stone 
sculptures were biult and the sculptures mounted. Tlie shop has 
m^de tilao -10 butternut picture framoSH which were sent away to be 
gilded^ 58 reeded French walnut fninies, 24 frames for gallery and 
other signs, and one large American walnut frame for hanging a 
$ix-fold screen- In tlie atitumn a removable vestibule door for 
winter use was built and installed at the north ontriance. In con¬ 
nection with tlie use of the auditoriuTn, the shop built a portable 
wooden platform to be placed at times on the concrete stage, and 
fitteil np closet No. 10 as a cloak i^oom, made ii stand and lockable 
cover for the projection lantern, built a portable barricade, and 
lehung the door leading fnean the auditorium to the emergency exit. 
fjTK'ks w’^ei'e placed on all storage cases in sfortigi! rcHjnis 3 and 4, and 
nunierous fittings, such as bronze clamps for maMm&na on csbibi- 
tion, a map drawer in the curator's office, a device for banging 
for examination, stands with frames for notices, Gtc,j wore 

uiade. 

A ]>ort^ble scafToId wiis built for use in the court in cleaning win¬ 
dows; the joints of the coping of the main walls and court walls 
were covered with felt and cement; a picture molding was put on the 
west wall of study room ?so* 1; one section of a new device for modi- 
fj'ing the light has been mnde and installed in the attic; and mis¬ 
cellaneous repail's have been nnule on objects in the ooLIcetion and 
on furniture and building. 

The shop has ahiO recolortnl the east wall of Gallery XVI, painted 
tlie floor of study rcnini Xo, 2, painted numbers in the various sec¬ 
tions of attic and sub-basement in accordance with the architect's 
plun, painted the underside of the skylight glass, and lettered and 
painted several signboards. In the dummer of 1923 the lettering for 
the inscriptions to be placed on the outside of the building was done 
by the shop painter after the architect's design, and later the in¬ 
scriptions were cut by outside contract. By outside contract, also, 
vveiitherpro<>f slmdes were put outside the north and south corridor 
windows. 

To the general pquipment have l>enn adde<l during the ye^r a mim- 
oogi'aph, a steroopticon lantern^ and several pieces of office furniture. 

Hie Freer Gallery is gratefully indebted to the Bureau of Fisherian 
for tlie gift of goldfish for the fountain^ to the Zoological Park for 
the loan of three peafowb and to tho Department of Agriculture for 
advice aa. to the care of the box trees and rhododendrom in the court 
and for constant oversight of them. 
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ATTEN'DANCE 

The gallery liaa been open every day, wkli the exception of Mon¬ 
day, from D o’clock until 4.30, and with the exception, also, of four 
dnys when it was closed by Executive order at the time of tlie death 
of President Harding. The total attendance for the year was 111,942:. 
The aggregate Sunday attendance was 2S,925, making an aveiago 
of i46; tlie week-day attendance amoimted to 63,017, with an aver¬ 
age of 334, Of these visitors, 4H2 came to work in the study rooms 
or to examine objects not on exhibition ^ TO to make a study of the 
building, Btomge facilities, lighting, wpil-coloring, etc.; 10 to make 
copies or studies from objects in tlio collection, and 35 brought 
objei'-ts in their possession for o.xammation and information. 

On February 7, 8, and D the auditorium of the Freer Gallery was 
placed at tUe disposal of the Library of Congress for the presenta¬ 
tion of three recitals of chamber music. These concerts were the 
gift to the Library of Mrs. Frederic SluirtlefT Coolldge, to accom¬ 
pany her gifts of the manuscripts of 13 modern compositions to the 
music division. Seven of these were performed. 

On April 29 Professor Paul Pdliot, of the Coll&ge do France, gave 
an illustrated lecture on ** Chinese bronses, judes, and sculptures,” 
Tlie total at tend ante at tlie concerts was 1.080, and at the leitiuc 
202, making a grand total attendance for the gallery of 11:1,224 

rXHBONNEL 

Miss Grace L. McKenney entered as an assistant on October ‘^2 
1023. 

Miss Mildren il. Tytus workcii as an assistant from Xovend;er 
12 to May 17. 

Mrs. Rita W. Edwards was transferred from the office of corre- 
spondencB and doc^ents on February 16, and was regularly ap¬ 
pointed to the position of stenographer on April 1. 

Miss Chie Hirano, librarian of the dcpaitment of Chinese and 
■Tapnnese art of the Boston Museum of Fine Arts, and Ifr. K. S 
Wang, have worked on the catologuing of Japanese and Chinese 
books. 

FIELD WOHK 

Since the activities of tho expedition sent to China under the 
joint auspices of this gallery and tire Museum of Fine Arts, Bos¬ 
ton, have been conveyed to you in detail fivun time to time thmugh 
the reports and correspondence of the field stnlf, I venture meralv 
to remind you now of the fruitful investigations carried on tlurlng 
the year at Hain-chong Hsicn in Honan; at I Chou in Chihli* at 
the tombs of Han Wn Ti, Ho Chu-plng, and others in Shensi: and 
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latterh'j at Yii-lio Chen in Honan^ where some burials of the Han 
dynasty have been thoroughly investigated with gratifying results. 
But important ns the nrcheological work of our expedition has been, 
we are uioro to be congratulated, {>erha{>^ on our success in estab¬ 
lishing between ourselves and the Chinese authorities a cooperative 
agreenient with regard to archeological investigation which has 
been confimiod by the unsolicited nppointnienl of Mr* Bishop us 
Honorary Advisor m Archeology to the Historical I>epartmerit of 
the Chinese Oovernment. An arraiigt^ment of this sort was conceived 
as tlie fundamental object of our es|iedtttQns iintl its accuniplishment 
marks the lii'st deJinite effort of the kind to bring Chinese archeolo¬ 
gists and ofEciak tcigether in a mutually beneticiaj and dignibed 
relationship with western arche<jlogists and museian^. thus pro¬ 
viding in some mensiu^, at least, a working bagis on which a uiore 
enlightened scholarship may flourkh and gradually supplant, let 
us hope, the rutUlcga and iinsLicntific collecting of Chines antiq¬ 
uities on a commerciAl ^ale which has hitherto been allowed and 
even encouraged to furnish so much of the material available for 
students in this vast and increasingly important field. 

ilr. Bishop^s detailed account of his field activities accompanies 
this report as Appendix B (not printed). 

Respectfully submitted. 

J, E. IjOnoE, {Juratory 

Dr* CnAin.Ks D. WAi.coTr, 

•Secretary, Smithsonian 1 aitUufhn. 
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APPENDIX 4 

REPORT OX THE BUREAU OF AMERICAN ETHXOI/)(iV 

Sir : 1 Imvts tlju Imnor tu tsubmit the following report on the iv* 
searchej), office work, and other operation!: of the Bureau of Ameri¬ 
can Ethnology during the Hecal year ending June 30, 1924- These 
were conducted in acct^rdaun; with the act of Conpitjss ajjprpvetl 
June 12, IflSJli which contains the following item: 

Amii’rh.'fiii ^Uinoln^; For i>tJiDu]op|Si^jil rcHcarcli&s amonK tlie 

AmoricAH IniHaiiei ttnd the uutlTe^i of lloivall, iRE^luiIin^ the fiuil 

of rcmaliu^, under the iliroetloa of the fimltlisoiiEati 

Inatltodou, incjiidlnf; the Doeaa^ry employees &m\ the pimduifw of aet^ru) ry 
books and iwliodlcals, $4^000. 

The Bureau of Aiiicrican Ethnology was founded by Maj, J. IV, 
Powell and placed under ttie direction of the Secretary of the 
Smithsonian Institution by act of Congress. This bureau is lie- 
v’oted to the increase of knowledge of the American Indian, as well 
as of the natives of Hawaii icnd the aborigines of Porto Riai. It 
follows lha ideal of the Smithsonian Institution as applied to 
researches on the American Indians, including all branches of their 
archeology and ethnology. The bureau publishes annual reports ami 
bulletins, the :vhcile number of these thus far published being 40 
reports and 81 hullutins. The former assume the fonu of me¬ 
moirs, often large and highly technical; the latter are generally 
smaller in sis*, often prelimiTiary in character. 

The fundamental idea W'hich led to this appropriation was the 
recognized necessity for teliable information for a projMsr appre¬ 
ciation of the Indian, ns an aid to legislation. Very extravagant 
and diametrically opposite opinions were rife regarding the char¬ 
acter of our aborigines. In (ho early days of contact of the Euro* 
pean and Indian races erroneous romantic ideas were largely 
prevalent, but with the application of the science of anthrepology 
new values of Indian character developed. The Indian in some 
quarters was regarded solely as an object of research; the luimnni- 
tarian ade was lost sight of, and the fact that ho is a man belonging 
to one of the most im[»rtant races in the ultimate amalgamation of 
the different peoples was overlooked. The aim of the Bureau ()f 
American Ethnology is to discover and to disseminate correct ideas 
of tlie Indian os a race, that our people may better understand and 
C2 
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iif.jpi'ecJat^j his histor3\ sociolo^-j reli^on^ and 

vaiioos arU and inilEistries. It h obiigtitory for ihv biircuii tw prt*^ 
bBr^<> uecijrute rticorda of cu^tuin^ indi^nouB to Aiuerica that aiv 
I'apidly loping lost in the settletuent tif the foimer Iioijigh of tlic^ 
Indians by mambers of tJie whiU race- I’he value of this material 
will increase in coming years, for the iTCOrds that are now being 
made are final and in many cases will be tJie solo objective informa¬ 
tion that jiosterUy wUJ have of the Indian and his cnstoniSt This 
work is imperatiie, for witldn the past few decades a great deal of 
information of this kind has diaappcarKl unreiionied, and the prob¬ 
ability is that this generation will witness the death of mt>Kt aborigi¬ 
nal survivals in cuJture, 

While tlie ideal of the bureau is the acquisilion of knowledge ami 
the piibliciLtion of the same through reports^ there hus grown np a 
great deal of work on related subjects that absorbs nioi-e or less of 
the tinio of the cliief mid his staff. Informution is sought from a)) 
quartet's Ji?gtirding the Indians^ and urgent calls from State insti¬ 
tutions and universities asking for advice and help in local prob¬ 
lems have been more numerous than at any other time in the his 
toiy' of the institnlion. Roiitino office w"ork has assumed in the j)as( 
ten years a larger relative proportion than in former decades. Va¬ 
rious agencies have quickened interest In the problcnns considered 
by the Bureati of American Ethnology. Tlie great increase in travel 
resulting from the development of the nutomobile and Ibo founda 
tion of national parks ha.^ intensified the desire to see Amcricn 
Our parks and Indian reservations have been visited in the 
past few years by an ever increasing number of traveler^- Tliis haw 
stimulated a demand on the part of the general public for accnrate 
information on the history and customs of tire Indians, which the 
bnreuu endeaVeil’S to supply. 

It can not be cxpecUtl. w'hen the ofTire work hns grown to such rnng- 
nitilde and the sippropHations have remained [Jrartically the suinc 
as they were before the war* that the quantity of research in I lie field 
can equal that of former yeara^ but the chief has endeavored to have 
as many of the staff in the field as he can and to publish the repoi-ts 
of their work as rapidly as feasible. It is self-evident that the 
acquisition of knowleLigc regarding the Indian^ even if not pub- 
iished, is a most valuable ns£^t, notwithstanding the fact that it must 
be stored in the archives to aw^ait a more favorable time for pub¬ 
lication. 

The first duty of the chief being Administrative and his time 
for a large part of the year being occupied with routine mattcr^^ 
he docs not have much opportunity for field work, but notwithstand¬ 
ing this fact scientific work of a limited nature haa been done by Iiim 
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in tlie field. He has kept en rapport wUh the work of all archeo¬ 
logical expeditions in the SoutInvest iti order to be able to advise 
you in regard to your recommendations for archeological work on 
tlie public doiimin. The number of ex {editions in the Southwest 
has tripled or quadrupled in the lost decade. 

The field work engaged in by the chief during the past year was 
archeological In nature, in i^nperation with Mr, B. M. Elliott and 
his associates, of $t. Petersburg. Fla. TJicie are few areas in the 
United States which promise more to the archeologist than south¬ 
western Florida along the shore from Tampa Hay to Capo Sable. 
Perhaps no one has added more to cmr knowledge of this area than 
ilr. F. IT. Cushing, a former ethnologist of the bureau. The pi*ob- 
leuis of southern Florid« demand iiiorc ol>jet:tive materia) than we 
Lave from the Everglades and the Ten 'i'Jiousnnd Islands, wiiere 
numerous proofs of a vanished iHfpulation are in evidcitco in the 
form of enormous shelJ heaps and cariii mounds. 

TJie chief began his researches on Weeden Island, near St. Petei-s- 
liiirg, which is situated at the end of Gundy Hridge, an iutifictal 
Causeway cmssJiig 'Turnpa Bay, The evidences of prehistoric alairig* 
iuai life on Weeden Island anj nitnici'ous large shell heaps and 
sand heaps which may he divided into groups or types, as kitclien 
middens, observatories, faiindatloiis of houses, and burial places, 
Evidently there was formerly a large viilngo near tUe higlie^^t point 
- of the island. One of tJie mounds which was chosen for excavation 
turned out to be a cemetery, and in the course of the winter about 
one-hDlf of it was excavntei!. The work extended from November 
until March, inclusive. 

The chief was not able to Ijo in St. Petersburg the wbole winter, 
but after having starteil the work in Novctiilwr, 1!)23, lie returned 
to M'ashington, assigning the direction of the excavations to ifr. 
Stanley Iledberg and later to ilr. M. W, Stirling, of the Nationul 
Mmseum, who rontinued the work until the chiefs return in Feb¬ 
ruary, As a result of the excavation a large collection of aboriginal 
objects was lirougbt to the f'nited States National Jlitsciim. 'nds 
collection contains many unique specimens end will later be perma¬ 
nently installed In the Mtaseum upon completion of a report on it. 
No apccinieiis had foniierJy been excavated at Woedoti Island and the 
unique results of this work are regarded as mewt important. A pre¬ 
liminary report has been published in the Smithsonian Tdiscellaneons 
CoUoctiona, voL 76, No. 13. 

At ibe present time it is too early to draw linal conchisions from 
the above work, but it is intended to contiitne excavations in Florida 
in the winter of 19^24. Many of tlie speciinens found w'cre not very 
different from those cbiiractoriStic of the west coast of Florida, but 
the nnml;cr of objects is greater iind their variations so extensive 
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that nre thought to indicate a hi"li rlovelopment of the abo- 
rif^lnal cultuir in solithom Florida, Evidences of two distinct 
cultures;, one al>ove the other, were deteimliied fi'ODi tlie excava¬ 
tions in the Weeden mound. The lower contained crude pottery.- 
very few implements, mostly of shell, all havm^ a considerable like¬ 
ness to the eo-called archaic Antillean culture of Cuba. The uppet 
layer coatsined very Itiie specimens of decorated pottery in 
numljers, showing elosi:! relalioiiship to the ceramics of Georgia 
This indicates an extension southward or a drift of population 
possibly allie<l to the Muskhoj^an, into the penitusnla. TTie rela* 
tionship of the j^ple of the lower layer was Antillean rather than 
Muskho^^enn. The inlmbitants of southern Florida, when the earliest 
burials were made in the ’Weeden mound, probably belorij^d to an 
unknown tribe. The artifacts in tiie upper layer may be remains 
of the Caloosa tribe, which was found there wdicn Tampa Ray was 
visited by Ponce de Leon, The Indians that now inhabit the Ever¬ 
glades—tbe Seminolcs—are a late introduction into Florida and of 
Creek descent. The nuinerotis Florida shell heaps antedated their 
advent by ^veral centuries. 

The chief has actively worked during the past year for the forma¬ 
tion of a new national monument on the Littk Color ado, near Fla^- 
stafT, Ariss, This monument has been tem|iorarily named tbe Wu- 
paki National Monument and mdudes ruins at tbe Black Falls of 
tbe Idttle Colomdot first described by him in 1000. It is to be 
hoped that before anoOicr report this most interesting^ group of 
srtono buildiiijp will bo added to the other archeological moDumentsL 
Tbe ruins that comprise it have some of the best preserved walk 
in the SoutJiwc^t. 

The impression exists in aonie quarters that the work of tlie 
RuiTau of American Ethnology inuat be completed in a certain 
definite time. This impression has no real foundation, for ethnologv 
is like any other scientific study and has no limitationSH Every new 
year of work in the butean enlarges the horizon of research and 
presents neiv problems regarding tlie American Indians for solution. 
Since tha foundation of the bureau by the late ilaj, J. W. Powell 
the aims and tendencies of the science of ethnology have greatly 
cnlnrged, and the piiblishiRl studies of the stall have’put the science 
of anthrojwdogy upon such a firm foundation that not only the past 
appropriations but al^K) the prospective expenditures by Congress 
are more than justified. The-earlier work covered a limited scope ; 
it pointed out the field for future work. It now remains for the 
comparative ethnologist to connect the various problems of man 
and his culture and to shed new' light on what still remains uns{>Ived, 
By law the ethnological research of the staff of the bureau is limited 
to tlie American Indianif and ttie aborigines of Hawaii. Tlie logical 
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nuk'omc thft i^nUr^^tueiit of the Bureau of Americtin Ethriolo®^ 
into a bureau devoted to the aindy of all races. 

Even in studying the Indians there are gi-eut regions of South 
America ^vhich nrc practically unknown to tlie ethnologist. South 
Ajiierica, next to Central America^ contains examples of prohably 
the highest culture that hm ever been attained by the American 
race- I refer^ of coiiree^ to the cirilixfition of the great empire of 
tlie Incos^ extending from the Isljimiis of Panniua to southern Chile. 
In this prolific field the bureau has done cnmjiiiratively little^ and 
the time ia now ripe for on extensive exploration in l!iat field, Xo 
less important in South America is the area inhabited by wiki 
tribe^i^ such as the Matto Grosso and other regions east of the moun- 
tains. The remarkable similarity of the culture of the Indians in 
Argentina and that of the pueblos f^pccially pleads for more thor¬ 
ough investigation of the former area* The grent AUiIley of the 
Amazon, that has aittaefced ihe ethnologist since the wonderful 
voyage of Alex. Von Humboldt at the lieginuing of the Inst cen¬ 
tury, still holds out new problems. 

The bureau will s<)on issue a remarkably complete work by Dr. 
Walter E. Koth on British Gniana* wliieh probably will be one of 
the finest it has ever publisheJ. It adtls much to our knowIe<lge, but 
no more iuijmrtaiit fact than the magnitude of the numerous Helds 
remaining to he investigatetl in northe-m South America. The lan¬ 
guages, sociology, religion, arts, history, and archrology of almost 
every country in South America demand research. Here we have a 
great continent awaiting the student of the antiquity and cultural 
relationship of the American race. 

In the same way the field of Central America and Mexico now 
awaits the investigator, although in that particular urea the bureau 
lias made some very important contrilnitions. 

There remain special problems of secondary nature throughout 
ihe font in put iliat are as yet unauawered which would be within the 
scope of the bui‘eaii’'s work. All ethnological work nn the South 
Amerif?an Indians should have very giv»at influence in uniting more 
firmly the rcpiiblica of Spauiah origin and the United States. 

Of the many probleiiia awaiting inveiftigatinn. one of the more 
1mi>ipiiant is the plotting of the trails by which communication was 
carried on between Indian tribes. Tlicse trails historically followed 
by rtjads and railroads now serve the growing habit of the automo¬ 
bile and the desire of Americans to ^ their own country. A stndv 
of the foods used by the Indians has a praeticnl value which can not 
overestimated. Tlie number of plants by the Indians far 
fiutnumbers those on onr own taVite. uiul the hiirean might well give 
attention to the disoovory of new fnod resf>uri'CK, 
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It is cJt^^irnlilc to incf^nse the art.lkeolo;ri^:]ij work of the burejiu 
Tivhioli tliU3 far has attnietod a ^rrcdt ckal of attention and wIiLcIi is 
tkTie of the forpniost departments of atilhro[H>Iogieal study. This 
study should Iw exteikded to Tlorlda and tlie coast States with a 
view to deierniininfr the relationship of the antiquities of Xorth and 
t'entnil Auieriru. The investigation of the southwestern portion of 
Texiks and tbo adjoining State of Kew Mexico should bo exploited, 
esi>eciaily the contents of the new national monument near Carlsbad 
which contains Important archeological materiah One imjwrtant 
prohlem h to follow the extension northward of the Hnaxtcc culture 
along the shores of Tammiltpas and Texas to our southern mound 
huitders. 

During the fiscal year Dr, John R, Swanton^ etlinologiat^ com- 
l-detcd the translations of stories from his Koaaati. Alabama^ Hit- 
L'hiti, Xatcheic^ and Creek texts, and added to tliem the stories ob¬ 
tained only in English and those in the Tuggle collection; be pro¬ 
vided these stories witii footnotes referring to similar tales among 
other tribes, and prepared nn introduction for the whole, lu addi¬ 
tion to this work he has edited and largely recast a manuscript on 
Indian trails by the late Mr, V^\ K. SIv'cr, Also, with the assistance 
uf Miss Atkins, he has begun Lneorporating into an alpliubetieal 
card index all words in the Timucua language contained in the re¬ 
ligious works of the Franciscan missionaries Fareja and Mnvilla— 
nearly all that is left to us of this old Florida tongue. N^carly one- 
third of the wmrk has l^n roinpleted. 

On the 1st of July. Dr. Truman Michebon, ethntdogist^ was 
iin hoard the Sdffona en route to Ixibrador. He reached the North' 
west River on July 4* where he found a t^w Nascapi Infliaus, oiu; 
from Davis Inlet^ besides the ordinary Montagna is Indians of the 
vicinity. From his work among these Indians it follows that the 
language of tiie Nascapi and Davis Inlet Indians is the same, and 
that instead of being a wholly distinct language it is nothing but a 
Montagnais dialect. Fnrtliermore, it is abundantly clear that the 
diulccbs of the above-named Iniiians form a distinct unit as compared 
tn llie Montagnais dialects of Lake St. tiohn and Lake J^listassinib 
bS well as the so-railed Free of Rupert^s House and the Rost Main 
River, which really are not Cree at all but ^fontognais dialects. 
J'lic report uf some Indians to the west of the Noscupi speaking a 
language unintelligible to them is worth investigating at a later 
date. It may be noted that the folklore of the Indians of Labrador 
contains more demcnla occurring among Central Algnnquians than 
hos been susj>rrted. The very simple social organisiation of the 
I^nhrador Indians makes it very probable that the rather complex 
organizations of the Centrol Algonquians are nuoriginal and m't 
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duo Ijoth diiwtly »nd indirectly lo the influence of non-Alponquian 
tribes. He was able to measure only a few of the Indians at the 
Northwest Kirer,ao it is not possible to state precisely which physi¬ 
cal type they represent. 

At the conclusion of his work he returned to liigolet and left 
on July ^ for St, Johns, Newfoundland. En rcuite he was able to 
takft the measurements of a few Eskimosw t>n his arrival at St, Johns 
he proceeded by steamer and imin for Tama, Iowa, to renew his 
researches amotig the Fo:c Indians. He devoted especial atteniinu 
to the ceremonial runners of these Indians, and In the course of 
the winter submitted a numuscript on them for publication b 3 ' the 
bureau. Further, a number of Fos lexis were translated and other 
ethnological data obtained. Doctor hlichelson returned to IViishing- 
ton near the close of Se]itember. Ho made n nut her trip among the 
Foxes in Haj* and returned tt» ^Vashington towurtJ the end of June, 
During thia trip he obtained now data on Fox ceremonials. 

By joint arrangement witli the ^fuseum of die AmDrican Indian, 
lleye Foundation, the bureau undertook in die sumiiicr of 1023 the 
excavation of die Burton Mound at Santa Barbara, Calif., which 
was the chief village of tUw Santa Barham Indians and wkliimt 
question the most important archeological site on die southern Cali¬ 
fornia coast. Mr. J, P, Harrington, ethnologist of the bureau, was 
detailed to take charge of tlie exploration of the mound and the 
work was conmienced early in May, 1023, and continued tlnxnighout 
the Summer and fall. 'I'he Hrst day’s work revealed the location of 
die cemetery, just where eld Indians hnd staled that it was situated. 
During several months of careful stratigntphical excavation mnny 
facts of intcreat for die preiiiston' of the Santa Barbara Indians 
and die early culture of the Piicilic coast in general were recorded. 

The principal rnneheria or village of the nneiont Santa Barbora 
Valley was not at the mission, where the ln<lians were Inter gathered, 
but at the beach. It was situated just west of the mouth of Mis¬ 
sion Creek, where a landing cove for canoes and two low mounds, 
one by the beach and a larger one GfiO feet inland end now known 
as the Burton Mound, afforded unusual attraction ns a dwelling 
place for Indians. At a number of places in the locality were sul¬ 
phur springs; also springs of good drinking water. Tlie name of 
the village was Syujlun, meaning “where the trail splits.” There a 
thriving population of some 500 Indians lived on the wild food 
products of the neighljoring sliore and sea and of the Santa Barbara 
Vallei*, rich in acorn-beuring oaks im(J gome animals. 

The inhabitants of Syujtun remained unmolested until tlie cstah- 
lisimient of tbe Santa Barbara Mission in ITSG. After this the nal tve 
villagers were gradually removed to the adobe cuartalcs of the mis¬ 
sion, 2 miles distant, nnd the dcsotated beach was known as “el 
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Puerto de Santa Barbam” or as rancho do lu plnjn.'’ After 
the conKscation of the missiou latids the ownership of the beach 
mnch pn^ssetl into private hands. During the foities the ownro wag 
none other than Capt. George Nldevetj known in California 
history as the n&scuer of the Inst surviving Indiaji woman from San 
Nicolas la]and. Captain Nidever sold the property in ISfil to 
AugiiEtus F. Hinclmian, whose daughter^ Miss Stella F. Hinehmsn, 
has furnished valnabJe dftta about the histoiy end traditions of the 
mound. In 1860 Mr. Hindiman sold the tract in turn to I>ewis T. 
Burton, who made it his home for ID years and after whom the 
nioutid has been ealkd in more recent tinier Nono of the early 
owners had allowed excavation on the property and witli erection 
of the Potter Hotel on top of liio mound in IDOl all hope of 
archeological investigation was lost. Tliis hotel burned to tlie 
ground on April 10^ U>2L and the old vlUage site was thereby again 
rei caged for archeological invest] gat ion. 

The results of this excaVTition of tlie Indian town of Santa Bar¬ 
bara proved rich and inte.rpsting beyond expectation. The graves 
that were opened wore crowded with human bodies, trinkets, and 
11 great variety of iitensHa, Among the rarest specimens are tlie 
largest soapstone canoe ever discovered in Oalifomia^ a wooden awl 
such as is described by the early historians, and a number of objects 
of probJemiiticn] use. Thei'e arc soapstone pspeS| fishhooks of 
abalone and boiM?T sinker stones^ arrowheada of great vnrieEVs spear¬ 
heads, about 140 fine luortam, pestles, including some ver}- long ones, 
beadd of many kinds, pendanU, daggers, bowls and kettles of soap- 
stone, including some of the largest ever found, native paints, etc. 
About 300 skeletons were taken out, among them some very ancient 
skeletons from the coquina or reef-roek layer- These arc now in 
the hands of Dr. iJrtino Ootteking, of the Museum of the American 
Indian, who is pre:paring an elahorate report on them. 

At the close of January, Mr, Harrington returneil to Washington 
and has since then Ijccn engaged in the preparation of his report 
ou the Burton Alound, 

^Ir, J. N. B. Hewitt, ethnologist, was engaged for the gi-eater 
part of the yt-ar in ollicc work. This consisted chiefly in the his¬ 
torical analysis of the large mass of material in native text 
relating to the formation and structure and import of the League 
or Confederation of the Five Iroquois Tribes or Nations. He was 
also occupied in the translation of the farewell address of Degana- 
>vida, a founder of the confederation, into literary English. In 
this addre^ Ileganawida Itriefly summari^jes the scope and impoit 
of the institutions and the laws of the league; herein, with the mas- 
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terfni hand of a prophet-statesman, he also grapUictilly recapitulated 
the work accomplished by the seveml co-working foundet^s^ 

Mr, Hewitt also translated from tlie Onondaga test the laws 
lirst recognizing the estant hisEitMtion of chief tailless in uterine 
kitidreiis and then adopting iL for the purpose of making it funda¬ 
mental among the institutions of the League of the Iroquois, the laws 
defining the duties^^ rights, and oldigations of the incumbent of auch 
nihccand caitfully prescribing the method by which a woman should 
Ihs nominated by the mothers of her own uterine kindred^ the 
method by which tlic choice should be confirmedT first by her own, 
and liien by sister, and then by cousin chins, and then Finally how 
this candidate should be installed at a federal council of condolence 
and ini^tallatlon. Tliese la¥fs also pnsscrii>e tlie mcLhod by which 
such oliieftaiucsi can, for cause, la: deposed and a successor tiomi- 
nateii and iuata)|pd as prescribed by thcac laws; and they also pre¬ 
scribe the method of nominating and installing the male aid to 
the chieftaine^, who must be a warrior and an orator lo fulfill his 
adjutant dutiea* 

As a member of the United SFatea Geographic Board, repi^esentmg 
tlieroon the Bui-eau of American Ethnology, Smitlisonian Insti 
t bit ion. Afr. Hewitt has at tender! iilL regiihir and special meetings of 
(lie board w’ith a single exception. As custodian of manuscripts of 
(he Ehircau of American Ethnologj' Mr. Hewitt reports that more 
than SoO UejuiH were withdrawal and mnsuUi:^] by the various cob 
taliorators of the bureau and by other students. 

Ill past years, in studying the social and political institutions of 
ihe Irocpioinn peoples, especially of the Pive (luttcrly Six) Kstions 
or Tribes, Mr. Hewitt has sj^ent ii number of field sciisons in carefully 
collecting and recording in native texts from the best available 
lendei-s^ chieftains, chieftalnesses, ritualists, and ceremonialists, 
c h lef in the Mohawk, Ononiiapfii, and Cayiij^ ilialeeti!, e:: tensive 
innievinl mid data conooming (lie principles, the luwj*, decrees and 
aj'dinanees of the instituting councils, the set rituals, tlie prescribed 
chants, and the tercjiiDiiial atidresscs, which together defined the 
J'unctiutiing apparatus of the great commonwealth, commonly called 
the league or Confederation of the Iroquois. Mr. ilcwitt hiia undef- 
tttken to subject, so far as possible, this test ireaterial to a careful 
literal^' and historical analysis and also to a thorough grammatk- 
and lexic criticism, in order to restore as far as the evidence thus 
secured will warrant, these rituals and chants and set addresses tn 
the earlier forms which were probably tiswl when the fjieagiic of the 
lro(|iioi» was instituted In the elnsing decades of the sixteenth cen¬ 
tury. Tills work ia necessarily tedious and slow hut is of supreme 
nece-saitv. The results thus fnr nre highly giatifyimt. 
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In -rune, Mi-, llewitL visitei] Uie Stx Xatiotis of Irciquois 

ihveUing n^iir Briuitford, Ontiirio, Caniicl&; Lhc OnondagA dwelling 
near Syracuse^ X, Y,; the Tonawaudrt dwelling near Akron, X, V,; 
the Tuscarora dwelling near Snnbonit Y* His object on this trip 
was to obtain a better knowledge of the music of the ritnal rhunts 
ot the Condolence and Installation Council. He also Paired a 
quantity of purple wampum which id used in these league rituals 
lUid which has now become so scarce Uiat its cost is w^elbnigh pro- 
hibitive. 

Mr, Hewitt w’ns also able to secure from tJie very few persons wlin 
=ttil! i^tain K^me definite knowledge of the principles and insti¬ 
tutions of the league additional interpretative and confirmatory in¬ 
formation concerning certain critical passages in the native tc?Lt? 
which he recorded in lornier field trips* 

Mr. Francis La Fleschc, ethnologist^ gave most of hia time to tiie 
ttssembling of his notes on Die child-naming rites and ceremonies 
ivf the Osage Indians, Ttiese itncient rites, with their ceremonies* are 
tiow practically obsolete, and it w'aa fortunate, that Mr. Flesche 
succeeded in securing two of the remaining versions. Ylie lirsft was 
oljtaineil from M'a-stlii'-Klth a uiember of the I"-gtlio°^'^ or Pumu 
gens. Tins version will form the first part nf the volume on thb 
subject. 

The other vei'sion is ihat used by the Tsi^-jshii Wa-shta-ge, Peace¬ 
maker, gens. It was with considerable difficulty obtaimKl from o-ld 
Sho""-ge-nio=-i'*> a member of the gens, who w^as very conservative 
and oppcKved to having any of the tribal rites go to sti'angei's, Since 
tile recording of these ancient rites that had iKSjn traiisiiutted 
throtigh many geiiertitions, both these Xo“"-ho'’-ahi''-ga, Wa-sthi"-zlii 
and have died, and it is now doubtful jf any member 

of the tribe conkl be found who is able to iwite tliu ritimJs and go 
rlirougli lhc ceremonial forms In their entirety. 

'rsi^-ssliu Wa-shtu-ge version will form the stToiid part of the 
volume, now nearing completion^ which is to be called “ Osage Child 
X'aming Kites,'^ 

Mr. W. E, Myer- special archeologist^ on liis return from held work 
in Tennessee, twk up the preparation of Ids re.jxjrt on the remains 
of the great prehistoric Indian aclLletnent know'n as the Great Mound 
Group in Cheatham Countyt Tenn,* a preliminary aocont^t of which 
was given in last year's report, Tiiis town is situated on the Har- 
peth River near Kingston Springs and is found in two clusters abmit 
a mile apart in tJie bend of the Hnrpeth River, covering about 500 
acres* Tlie fortification of the Great ifound Group was one of the 
finest prehistoric structures for defence made by the Indians of 
Tennessee. 
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Jfeirly all the lower river bcncK called the “Hound llottoiii*' by 
the local peoples contains evidences of wnlls^ many of which liave 
disappeared by long cultivation of the soil* Mr. ilyer was not able 
to determine the age of these mounds, but buildings which they 
repiesent ^verc undoubtedly destroyed before the coming of the 
white people. 

One of the most interesting results of the summer's work was the 
excavation of a smnli mound on the Denny farm at Goodlettsvilic* 
Sumner County, Tenn.* the relies from this motiud sliowing that the 
inhabitants of this site belonged to a culture quite unlike that of 
much of the surrounding region in the valley of the Cumberland. 

Mr. Myer also made studies in the southern part of Tennessee in 
Lincoln and Ifoore Counties and made a map of a hitherto unde- 
^ribed niDiind group on Elk River. 

arECZAL RESEARCH}:^ 

During tho aummer of lfl28 Mias Frances Denamore visited the 
Makah Indiana at Neah Bay^ IVnsh., and recorded their songs. 
Kenh Bay is near tlio end of Cape Flattery, but the coast is so 
mounlirmous that it is reached only by boat. At the time of Miss 
Densniore'S visit there was only one passenger boat a week to this 
Tillage. The principal industry of the Indians is snlmoii fishing. 
TJie purpose of this trip was to oliserre the music of Indians who live 
beside the ocean and to coTupare the music with that of tiibca living 
on the tuountaina, plains, and ilesert. As a result of the comparison 
it was found that Uio mueic of the B^fakali resembles lhat of the Ute, 
Papago, and Ynmn more than it resembles thut of the Chippewa, 
Siotix, and Pawnee. This is general observation, the detailed com¬ 
parison being unfinished. Tlireo instances are as follows: (1) Tlie 
Makah Indians use a “ high drone^^^ or sustained tone held by two or 
three women's voices, while the others sang the melfxiy. Tlus wn^ 
heard nmong tlie Papngo in southern Arjr.onannd b found in certnin 
parts of Asian This suggests a ciihurnl evidence that the Indhins 
migrated from Asia and down tho Pacific coast, the im of the drone 
being more pronounced among the hfakah than among the Papsgo; 

(2) the Makah Indians liave a conaidernble iiiimher of “nondmr- 
monic ” songs to which the term “ key can not properly be applied. 
These were found in southern Ariscona but not in the plains region; 

(3) the Makah songs concerning the whale are marked by a very 
small compass and small intervals. Tlie Ute songj concerning the 
bear are also clinnicterkcd by small intervals, but the compass Q not 
paiticniarly small. The Makah songs recorded were of several 
clas= 5 es, including songs of the whale legends and whaling expedi- 
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iions^ songa of tlie potlatch and various social dances^ songs coii' 
ncotcd wjtii oonttBts of physical strength^ “gratitndo sojigs^’^ ’crhicb 
Eung by individuals at feasts^ lullabies for clHldreUi courling 
songs, and the songs of wedding festivities* 

Dances and gutherings of the tribe were attended; numeroiiB speci¬ 
mens illijiitniling the ciiUurc of the people were collected; the singers 
and ciiviconmcnt were phntogcaplied j and about 30 speermens of 
plants weitj collected, witli ii description of tlieir oconumic uses. 

’While in ^\'a5lungton, D, C., Miss Densmoro arranged in a ciitn- 
logiie list 308 songs awaiting publication, and arranged in the 
proper ui^er for publication all her material on Pawnee^ Papago^ 
Ytiina, Cocopa* and Mohave nmsie. Four mnnuscripts were, sub¬ 
mitted during the year, with the titles “Cocopa and Alohave Dance 
Songs,"^ ^ Dance Songs and Flute Music of the Yuma,^^ “lAlialing 
Songs. Drejmi Songs, and Lrgriul Songs of the Mali ah,” ntid ^ Pot- 
latcli Songs of the Afakali^” Tlicsc comprisech in addition to the 
text, 87 songs, with phonograph records, musical trsinscriptlon^v, and 
annlyseF* 

EI>rrDRlAL WOlEK A>'rj rUDTJCATrOTTS 

The editing of the pubikationA of the bur^u was eontinned 
through the year by Mr. Stanley Scarlet editor, assisted by Mi-s, 
FriLnces S. Niehois, efHtorial assistant. Tlie status of the publica¬ 
tions is pi'esented in the following summary: 

rDBUCATIQ^Sa 

ftnllc^tlu 73. Blood Reveii^, W’lir, and Victory Feaets the JIhnro In- 

ittiSDS of Eastern Ecuadiir (Ka^^tCn). vllE, &4 10 piss. 

Bttllctlri m. Alandan and PUdatsa Mosic (D^^nsuiorey xx, lOS gp., 1& pis., 

ft 

BuIloEitk Bh HscafatEona in tlie Cluima Valley* New Mexico (Jrtiiicon}. lx* 80 
pp., 05 iil«*^ 3S flcB. 

List of ptiblicutloos of the nurt^ii of Arnerlcnii EtliEiulogy. 4& pp. 

PTIBLIC.\TIO^'e iJf PRESa OE Iff PHlf^PAlATtOW 

Thirty-eEalich Annual Boitort An?oinpnhrliig paper; Jux IiitTnilnctory Study of 
the Arls, Crafts, nrtiS CtrntomH of the GuEana Jiallata^ fttnth). 

Thirty-ulijlh Antuial ReiHirt, Aceurapanyiug paja^r: The Dsnje Triljo: TEie 
Rite of Y\g\l (fjv Plesche). 

Furtleih Annual ReporL Accompanyhig pa|H?rK; Tlie Jhfytbk'al Orletn of the 
UUiUe BulTala Dance of I be Fox IpillaiiJij Tlie Anluhioarnphy of a Fox In- 
dEjin W^onion; Nof&s on Fos Mortanry f?u?ftoms iinil nellel^; Noteef tm the 
Fox ^xlety Kuowa ns ^'T|io$e vrhft Wnnshlr the Tdttle Spolte^l Ifutfalo"; 
the TrailltionaI Origin o£ tlie Fox livplety Known as -^The Slogloj^ Around 
(Mlchel^ti), 

Forty-flrjst Atmafil Iteport Accompniiyhi^ paper: f^allrih Boiiketry •(Boas)* 
Forty-ikH'Ond Annunl Reiwrt Aot^ompanylng paper: Social OrgnnlEalJon and 
Sctttnl 1-sages of Ibe End la ns of the Creek Coafedompy (Swniiton). 
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EfuLttFiJn TiL H^n^^J^CK>is of iho Indlnus of CoMfoniia (Kroctb^r)^ 

Etulletln 82. Two Trehliitotlo Yillnues In TgHDCSsa? (Mytr), 

Drs-niiBUTrox of rtrurjCATio^Jh 

Hie disitribution of publkations has been <x>ntmued uiidei' tli€ ini- 
laediatc diarge of Hiss Helen MiinroeT assisted by Jliss Emma B. 


Powers.* PublJcations distributed as followsr 

*■ 

Report TDlDinefl JimJ separate^™________ 2, MS 

RuUotlEis and ___________ 11, as^ 

ContrltfUtloiks to ?^'ortli AmcrlcaD etlmoloEF______ l<l 

Mlsc&12Aiieoii£ publlcatipjii _ _SlJ 


As compared with the jear ending June SO, there was 
a decrease of A,731 publics Lions dktributed^ due to the fact that no 
report volume were issued during tlie year, whereas two re[>orts 
were published in the preceding fisc^d year* 

ILLUS-mAtlO^H'S 

Mr. DeEaiicey Gill, illustratorj with the assistance of JIfp Albert 
E, Sweeney, continued the preparation of the illustrations of the 


bureau. A summary of this work follows: 

DnLwIflgH fpr publluatloiiA_ ^ _ __ _ . _ ^ _ J 3 h 

l^&togmpbtc prints ret<>iijchBd fur dn^rrmrlm; __________ 

NDiratives preiNiTed_____ ____ __ ___ _ __ _ ^72 

l:.'Uiiig develu^HKl aud priat^od ftoai Ueliii ej^posares ( fi-n I Ib ) _ __ 24 

P1iutQt;nipliU' prints for ilbitrUptitJoa and oJBce oha , ____ _ 73a 


ITie work of reclassIRcation of negatives Ims progressed satisfac¬ 
torily, As a prelude to a now eataiogue of lUc largo collection of 
negatives, this work will bo of lasting value. About 4,000 negatives^ 
were identifiei:] and re jacketed* but mueb yet remains to be done. 

ijimAHT 

The n^forence librury continued under the immediate care of 
Ella L^arv% librarian^ assisted by Mr. Thomas Blackwell. 

Dui'ing tlie year 5 dL> IxKjks iven^ □ccessionewi. Of these fiSs were 
acquiitsd by piirrlmise, 2 o 3 by gift and exchange^ and 225 by binding 
of periodica la. llie curjcnt periodicals annually received number 
al>out 975 ., of wliieh 37 are by subscription, the i^mninder being 
received through exchange, 'rim Hhiiiry I 1 E 14 also received 235 pam¬ 
phlets. The aggregate nujidwr of l>Qoks in Oie libruiy^ at tlie close 
of the year wiis 25 *n 2 lt of psituplilctS about 15 ^ 325 ^ 

During the year Juany students not connccte^l with the Smiths 
aonian Iiurtitution have applienl to the lifantiy* for books. The library 
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WU8 u&cd also by the fjibrary of Congress and officers of the flxeeLi- 
tivo departments, and out of town students have made use of the 
librarj' tlirough frequent loans. 

Conditions of erowdin^r m\ the book alielves are now acute in uuiny 
places in the stacks. Many volumes I'oeeived by the library not per¬ 
taining to anthropolo^jfy were transferred to tlie library of the Sniitli- 
sonian In^titutionH- 

COLLECTIONS 

The following collections^ purchased or ttwiuired by members of 
the bureau or by those detailed in connection with its re^aixhes* 
have been transferred to the United States National Museum: 

70367, Collects on of aimul ao riiKclmenfl of picture iKPtter>^ from the ^imbrvfl 
Valley. N. Mei. 

T05SS. Blanket on whleli Is woven on elalaimte repreBeutalloii of the ifelblclil 
dance of the NutuTiq Indiana, presented to die bureau by ^1r. Chee 
I>cidRe. St Mkhners. ArEz. 

7l02d. Ootlecllgn Of archeoleglcal speclnjens made by the late Jolm Baer 
dndnrr ibe irammer of 1023 In die Snsqnehamia VuUey re^on. 

71273. Catlfomla Mission Indian water basket, eclleetcd by J. HarTia^on 
daiin;; the Hominer of 1022. 

71347+ CoUecUon of arehet>IiipleaL speeloieos jiecured In Tennessee und Sontti 
Dakota by die late Willtan) R Myer# 

71430. CollecdoD of arehetiloglcat i^pecloieaa from Pipe Shrine House In die 
Mesa Verde NiitlDOnl Park, Gala 

71014^ Collecdou of Indian Imiileineats and fossil antntals found in Garrard 
County. Ky.p olcmg the Old VVHderness Trail, and presented to die 
bureau by S. H. Bunuside, 

7109L Four prebJatork nbjecta presented to die bureau* tbrou^^h tbe late W, R 
Myer* by J. Q. Brnecklein. 

71002: Three separate lots of atone iuiplemente from preblatork vllluge aites 
tiear GoDdlettarUle. Tenn.. presented to the bureau through the late 
W, K. Myer, by a. Mr, Meadow, John Bell rflrtwrlght+ and Otpt. 
James ftoscoe. 

TlttfH. Throe lota of nrcbeolo^enl speclMas presented to tbe baieun, through 
the tole W. R Myer* by G. O. Cbapmiin and A. H. Moore. Mrs. 1^.* 
CoLin, and A_ T+ Sweet. 

T16II7+ Collecsion of iirolieolo£icni specliaGna fnari the Painted K}vn HtiuEM-. 
Mean Verde National E^urk, Colo. 


PKOPERTT 


Furniture aud office equipment were purcJiosed to the lunuunt df 
ipTdJiD. 


mGCEULANECmS 


■File ccjn\«i>cjndence and oUier clcrjcal wesrk of the office lim i>tieii 
condiictcil by Mis& Muy S. Clark, clerk to the chief. Miiii .Tuliu y, 
Atkins^ stcuagrnplier a+nd typewriter, AGsisted the various iiieitibert> 
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of tbs Staff. Mr. Anthony W, WiMlng, typist, has been engaged in 
cop 3 'ing manuscripts and in various duties connected with the office 
of the chief. 

Sfr. "VV. E. Myer, Epeclnl archeologist, died December 2, 1033. 
Respectfully submitted. 

„ d* Wauteb Fewices, GfdeL 

Dr. CHAki.es D, Walcott, 

Seerttar^^ Smithfuininn /wa/iVut/on. 


APPENDIX 5 

REPORT ON THE INTERNATIONAL EXCHANGES 


Snt t I havfl the hnjior to submit the report on the operation s of the 
International Eschan^ Service for tlw Tismti] vear ended June 50+ 
W24. 

Coap-ess appropriated for the stip|X)rt of the service diir- 

the yoar^ $iJ,000 less tliaii the prQVjoijs appropriation. On the 
basis of the previons year's busine;^ this rediic^ ainoujit mould Jmve 
been tnilficient for the fiecds of the scrvjco. Toward the middle of 
tlie fist^al year, howe^^r, the exchan^^es had introased to smdi an 
extent tJiat it maa tieee^ssary to send xdlipmenta to foreipn I'oimtries 
at less froquent intervals, in order to reduce the expense incurred 
for frei^t, ^ as to avoid a deheit Near tlie cloi# of the year it was 
found possible to retnrti to the Institution's practice of making ship- 
ments to all foreign countries at intervale not exceeding ii luoniin 
In addition tn the alwve amount, Congress appropriated for the ex¬ 
changes $200 for prinGng and binding. The repayments from de- 
jjartmental and various other establishments aggregated 
making tlie total refiources available for vafrjdng' on the system uf 
exchanges during the year 

The total numl)er of paokage^i paoriing through the service during 
the year was 460^(yp8, an increase over the number for the preceding 
year of The weight of theias packages was l>C7,H>7 pounds, 

an increase of T4^i. Mueh of this increnso was due to the receipt 
of a large number of publications from establishments in the United 
States for transmission to the ujiLversities and colleges in Japan that 
lost their libraries during the recent earthrjimke. 

The publications i^iC and nEceived by the Exchange Service are 
classified under three heads; Parliamentary doeumenus, depart¬ 
mental documents, and miscellaneous Bcientific and literary puhlica- 
tions. Hie term **parliamenUry dociimcnts,-^ as here used, refers 
to publicatioiiif aside by act of Gongreas for exchange with 
foreign govemiiients+ and includes not only documents printed hy 
order of cither House of Congress, but also copies of each publieatLon 
issued by any depailment. hiireaii, commission, or officer of the Gov¬ 
ern monL Govemment^f to which this class of piibJi cat ions are for¬ 
warded send to this country in exchange copies of their own official 
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annuaIj hepoht smith box ij Iff issriTunox’^ i‘)24 


ilocttnieAts for deposit in the Library of fonpuss, Tlie term “ ilc- 
partnienUi documents ” embracca publications dolivtreit at the In- 
atitution by tho various ^^vernmental dopartmcnts, bureaus, or com¬ 
missions for distrihiition to their corresjwmlcnts abroad. PuLlica- 
tioDS received In return arc deposited in llio various departmental 
libraries. “ Miscellaneous scientitle and literary publications ” are 
received chiefly from learned societies, universities, colleges, scienti¬ 
fic institutions, and museums in the United States for transmission 
lo similar establisluuents in all parts of the world. 

The number and weight of the packages of different classes aie 
indicaU'd in the following table : 




Welitlt 

Sspt 


fiieat 

ftwkNl 

UdUaI PuiEssvAoUjT riooirafiiabfl mbl mMwioA . 

171k 5B0 

1^401 


B3v£ir 

' iiH.asa 


Publlcitlaiii. fHcivnl Ia mEuns im pai^LMMJBnEarr 

fTidtfld Btvtci. dmrtniflEiJtft] dfietuoiinld i^thi aimiut 

mxiTHi Id Ktiifkii icif t^pfyiiDOiDlAldocumifHii..... 
K^HiEUk uul pnbUcMJ™ lent nbnul., ., J 

■M iidtEillOc BDd rmlTnf l^ptn ' 

riirtid for dlitribotiflii Lp tM StatH-.. ..„| 

4,807 

7r3B3! 

^467 

ICl^J.......,,.. 


- T ■!»■■»-■■■■■■ ■ 

417,™ 



1F7,T4S 





SiTklilT 


\s mentioned in pluvious reports, the disparity between the num¬ 
ber of publications transmitted abroad and tliose received in return 
is not as great as Appears from the above figures. Packages sent 
abroad contain in many instances only a single publication, while 
those received in return often comprise several volumes. Further¬ 
more, some foreign establishments send their publications directly 
to their destinations in this country by mail instead of through 
exchange channels. 

During tha year the State Department notified the Institution that 
the Government of Hungary had adhered to the two exchange con¬ 
ventions concluded at Brussels in 1S86 and had established the 
Hungarian Libraries Board at Budapest to cany out the provi¬ 
sions of those conventions. The board was not fully established at 
the close of the year, but will be ready to assume its duties as the 
Hungarian Exchange Agency about October 1, 1924, when the 
agency in Budapest conducted by the Instituticn for many years 
will be discontinued, Dr, Julius Pikicr, who has been the Stnith- 
rtonian agent since July 1, lOOd, has carried on the work to the entire 
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action of tUa Institution, ami 1 df^sire to express here appi^- 
cifltiosi of his faithful and efficient ser^Hce during hja connection Tvith 
this office. 

The Institution was advhied through diplomatic channels that the 
Goyemments of the Dominicaii Hepublic^ Hnngfiryi Laiyiat tmd the 
Free City of Danzig had adhered to the twti e?£change conventions 
concluded at Bru-^fs JilaiTh 15* 183tj. 

Toward the close of the fiscal year tlie librarlati of the Stutting 
ftdviscfl the Institution tlmt the Norwegian depository of United 
States officinl documents bad teeri changed from the Stoiltngets 
Bibliotek to the Univeniiteta Bibliotek* Christiania, 

TJie Japanese A^jciiition of the J4?ague of Xations submitted to 
country throiigii the EinhaEsy of Japan in Washington an ap¬ 
peal for hooks for replenishing the libraries of Jnpane^ universities 
snd colleger which were destroyed hy ilie cartlnjuuke. The associa¬ 
tion stated that that disaster wiped out huge collections of hooks 
in many libraries* including the coUection of 700*000 volumes in the 
library of the Imperial University of Tokyo. The appeal was 
heeded b 3 ' many Ainericftn establishnients and thousands of publica¬ 
tions were forwarded to the Smitlisonian Institution for tranfunis- 
sion to Japan tlirongh the International E^schange Sendee. 

From time to time some of the estabLishnients that make use of 
the exchange service in the difftrlbution of their publications abroad 
add to their annouricemcnta a word of appreciation. During the 
3 Tar a number of such gratifying expressions have been received^ 
[uirticularly imm the Argentine He public, England* German;', atid 
tim country. 

During the year 24 frl boxes were u.sed in forwarding exchanges to 
foreign agencies for dtslrifaution, l>&ing an increase of 241 over the 
mimber for the preceding 12 montlis. Gf the total number of boxes 
i-'cnt abroad, 2S9 contained full sets of Ignited States official docu¬ 
ments for fureign depositories, and 2*175 included departmental 
and other ptiblications for det>f>5iitories of partial sets und for other 
i^rrespondents. In addition to the packages sent abroad in boxes, 
the exchange service mailed directly to their destinations during the 
year jilsont 40^000 packages. Wliile it is the practice of the service to 
■::ond exchanges by freight to foreign agencies for distribution, quite 
a number of packages are re«>ivcd for remote places which can not 
well be leached through anj' of the agencies* anil these paekages are 
forwarded by mail. Fiirthermorej owing to the high ocean freight 
rates it often happens that it is cheaper to mail packages to some 
c'oimtriefl than to pack them in boxes and ship thcni by freight. 
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The tmnnber of boxes sent to each country is given in tlie following 
table: 

Ct»i»{jintnt)itt ct e-xchftHfft* for foroiffn rouiifrfev 


Country 

hfUrttlwT 

1 uf boi» 

,i 

CtJUllEfy ^ 

Afj^tiUiiA _ 

AlOFrift___ 

«4 

55 

U ' 
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« 

[ 30 
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7^ 

15 

j ^ 

! 5 

M \ 

3 

37 

7 

33 

n 

m 

3V3 
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U 
*7 , 
50 
92 

3 . 

1 
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»«UTk»... .*. ... 

■ .. . 
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. .. 
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_ _ 
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. ... .. ! 
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. ... . ! 

1 Nfifway --- 

j! P«u__„ __ 

Chilli.. . ; ! 

' PdiJnnril 

__ ! 

. I ^Wlll mm m - -- . , , , 

!' IVirltji^nJ 

Cc^ Rim. . .. . . 

Cuh*. . .. .. 

F{>^Dalimil-.„ - -- 

‘ RUrlbuJii ' 

Ciflq|M»kiT»kii . ■ ■. _^ 

Rufflia, . . i 

VmMo^ . __ _ 

£^uueJ) AuAniJlB 

. — 

. -—... i 

KiUhmIa,.. . .-,..J 

Ffsbiii].. 

; Spate.... .. . 

: 6»5dTO..._ ., . 

: &wllHriMllJ 

T—munlH 

ftwMai, ... ____ 

PblnH ol floatfa Arria_ 

tlniiuBT^ ... , ; 

VmiirailL .. . .. 

OflcmuL^ , , _ _ 

Gn&l BrUila iml IrttiiMj _ _ 

tifwt ____ _ 

Vlrtork_ 


W»t«ni Aitfjniila. _ 

YufOikvk . . 

lailta.. - ; . 

iFflJT .. .. 


.. 


Xujnlw 
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li 

B 
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13 
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In accordance with the terms of a convention concluded at Brus¬ 
sels March 15, 1S8G, and under autboritv granted by Congress in 
resolutions appinved March S, ISfiT, and March 2, 1001, 59 full a-ts 
^ States official documents and 38 paitJal sets are now sent 

through the Exchange Service regularly to depositories abroixL The 
Ministry of Finance, Government of Northern Ireland, Belfast; 
State Library, Reval, Estlionia; and the library of tbe league of 
Nations, located at Geneva, Switzerland, have lately been added to 
the list of those receiving full sets. The number of full and partial 
wts^of govemmentat documetiU forwarded to foreign deimsitories 
is 97. Tlie total number pnivided by law for this purpose and for 
the Library of Congress is 100, 

Tlio convention concluded at Brussels in 1886 provided for the in^ 
temiitional oschange of official documents and seientilic and literarv 
publications. That convention was ratified by tlm United States 
Belghim, Brazil, Italy, Poitugal, Serbia, Spain, and Switzerland 
Since the ratiKcntion of tlie Brussels convention a number of conn- 
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tries Imre adliered thereto. The names of the countries, together 
with the dates of their adherence, follow: Argentine Republic, 18S9{ 
.Paraguay, 1889 f Uruguay, 1889; Polaiid;i9-:a0j Czcchoaloval£ia,'l931 
Rumania, 19S3; Dominican Eepubltc, 1923; HnagsTT, 1923: and 
Danzig, 1924- 

In addition to the governments that have formally joined the con¬ 
vention, many countries exchange their official documents with the 
United States Government as will be noted from the lists given 
below; 

ur FTJIXk sxrs 

Aitfjr.jTTi.xB IlEPUfluc: MiiUsEorlo d* RcEnclonefi Exteriors®. K^ienoa Aim, 
auhthaUhi: Library of tlaa Oammanw^lLtfe i^rKimient. IXeLhaiirae. 

AUflTHiAt fflr St^tlstlk^ ^iwari!^tl>erg^raw 5^ Vieuna L 

Radex : rnlvefslinm nibnotlwk, Pr*rlLurjt (r^ejio^jiiiry of fhe Mtaie of Baden.) 
Batai^a : Staats^Bibllpthfi'k, MuhIpIl. 

HELoruu I lUblloth^fmo ilo^ulo^ Drw^elsL 
BitAztT. : EihllotheiL'a J^aelonal^ Bto de Janelra. 

BuEitfoa Airea; Bibliotcca de la UDiTorsIdad NAddnaJ de La Plata. (D^thoal- 
torjr of tbo Prorinee of Aiim) 

Lavada: Library of Parllameut, OLtawa, 

(jiijtE: Blbllofeea del Cofi^neso Nadonab Santiago. 

Cm.^Aj Anierroaii-Chliieae Pablicatloii Exc^hunge Sbao^bol Bartviu 

of PorolKO AITflSrt^ ShtngliaL 
ti^LOMBiA: Blldtnteca NaeloDal, Bogota. 

tkwTA ItiCA: Ofletna de Dep^ito y Cunjo Intornadanal do PubUcadoaes, Soji 
Jaads. 

Cuba » Becremria ^ E^bado CAstiiitoa Oebetiilea y CojiJa Intemaclonall, 

flubuna. 

CiitcHOBLOVAi^iA: Bibllath^uo de I^V^rSenilil^ National^, Pmgue, 
t)EVMAaR: Kongo! Ige ilibhotbeket, CothenhaKea. 

Lteqlan'o; British AliUietlin, Ijondon. 

EathOh'via t Hllgiraaiaatiikoin]. Itfiral. 

Fk,v?cce: BIbllolhINjue NatloDalQ. Paris. 

BiciiiACTTs Dantsche HeJchstag^Blblloth$k, flernn. 

Clasaww: City IJbranan. Mlicbell I-tbrttry, Glp^gaw. 

OnEiscEi Bibliotlidque Nutlooalet Atbetrat 
Hc.'soAitY: nuiigurlaii Honat! flf Der^satea, Budapest. 

I^^niA: Imperial Library, Csletitto- 

lajwn Fuee BtAXE: National Library of freload, Dublin. 

1tai*y I Bibl loteen Naaloiiii lo Vittoria EnmiiTiala. Home. 

Japan: Imperial Library of Japan, Tokyo. 

Bondoa : lA:^ndDo B<;|iaal of Eeanomles and PbBlIcal Seleuee. (Depository of 
th^ Ejopdoii Oaunly CoonclL) 

Mamtoili: Pravloeial Llbmrr* Wlnntp^. 

Max too: BJbTloteca NaclonoL Meiicix 

Netwerlanm: Itlbtmtheek vim de Tweeile fCainer der Staton Generaul. The 

Hague. 

^Ew Sonrft Waijm: Public Library of New Sotdh Walea, Sydney. 

New Zy_Ai^No: Generai Aaserably Library, WaJIlnkton. 

NoRTticttjf ixELANb: Hininuy of Finance, Belfast. 
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.VObwat; UulTersitcts-BUjlloiek, C^rEfftLfiJilit. (Df^Kifflitory of the Gfiveniinenl 
of Xorwuj",) 

OrrrAuo; Lcs^isliiUve Librory, Toronto. 

I'Aais; I^rlfwture iSe In Seine. 

H^b{|otei‘ft NacioDfilK Lima. 

Fol-ilKi*; iJlIillothfrqTiB do Mfiilst^re dos Affairefl Etnin^^^red^ WareavT, 
Bibliotheca Naclcmel, LIhI^od. 

Freuss:Eche Staatshlbliotloilc, fiorl^o, N. W, 7, 

Qirtmx': tJbniry of the I^le-tnitlFe of the ProTinee of Quebec, Quebec. 
Qirtic.xstA^sD: FSirllaiuenliiry Ubtilry, Brljibaoe 
lltresiA: Shloniento teizittorjarll^ eu^pomloil 
S.vso>-Tr: LonikshLbHotbekt l>reHJcn-N. 

South AuaTLiULi: E^rllnmentAi? Llhrat^, Acleluicle. 

SrAt^: Servielo del C^tnblu fotemuclonol de PQbllcaclon^, Olertm Fucnltn- 
tivo de AreSilveiiW^ Bibllofecariofl y MadrItL 

SwEDKw: KwetrRo Blblfotebet, Stodkhalizi. 

SwiTZEKLAMi: HihMottL£<tue C^tmle F^d^mle, Berne. 

SwrraEiiLANEi; Library of the Lengue of Natfotui, Palftce of NaUona, QunJ de 
Leman, Gencvo. 

Tasuatsiai PArtEamentary library, Irtobart 

VsioTn or SOUTB AirvWAz State Ubfary, Pretoria, TrooBvaal 

UmoauAv: Oficlou de fMoJe lELtemadoniil de PohUcaclones, Moctevldeo. 

Vt»i3uiaA: Dlbtloieca Kociona], CameaA 

Vjctokia: PnblJc Library of Victoria, MeHnJtirikeu 

AuimLiLiAj PubHc IJbniry of Western Awinilla, Perth. 
WnTTTQfDEio; Ljindesbibllothek, Stuttpirt 
VueoanAit A: Ministers des Alfa Ires ^I traDg^ei^, ftel^ 4 ;de. 

oiPoaiTOkiHA or i-AMTjAt mets 

AixfimTA: Pro^nclul Llbmryp Edinontocu 

AiAAii^^LoiuiAtwE : BlbUoth^ue Uolvenmaire ec R^glonale de BtmshourK. Stmt 
bonnr. 

Bolitia : MtnJjterlu de ColotLLmcldn j AsTlcDlLum^ La Pni, 

BaAEii.: Blbllotheea da Aaisembl^i T^gialntti^a da Edtadu do It Ed de Jmielr^, 
Nfetberoy, 

Bkeme.x: Senab^kommbision fUr ftcicha- and Aua^llrtlRo An^legtiniielteiL 
Bbitish CoLTruiiiA: Leglahttive Library^ Victoria. 

BRmsu QmAiTA: Go^-emment Secretary's OlSce, Georgetown^ Detnomra. 
Hvijiahia: Mill Inf j>re deo Atfdipes £traoff0res. Soda. 

Cetlon; ColonlaJ Secremry'n Omen nt^-cord Dcpnrlment of the library L Cc^ 
lumbo. 

Ecu Anas: Blblintca^ NjiduruiL Qtilto, 

EdYt-r: Blbtlulhjkjue Khi^HvInle, Calm. 

Fikla^to: Central Llbrnry of the State, lIolBlngfotH. 

GiiATEXAtA: Becretary of the GoTernmerit, tjuateiiiahi. 

Haiti; Seer^iie d'£tat den Behitlaaii Ext^rleureg, PoTt-Hfi-Ptlnee, 

ItJAtauau; SDiuitflkomiiiboiion file die ItcLidm- uml AunwiirtLgeo Aii^legea- 
hidtem 

Heshe; liADdesblblJothdk^ Datmatadti 
HniTuuaAfst Secretiiry of the Oovertitijetiip Tegudgnl;^. 
jA^iAtCA: GoIodLuJ Secretary, Kinitstoti- 
Latvia: MiDlfltry af Foreign AfTniTn. Ulgn. 

LinEaiA: He^runent of State, Monro^'hi. 


HEPOBT o:f the becbetabv 
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CJovemni^nl: IJbrrtry, l-ourt-n^ !&!nrf|ia^ 
l^difECK: Pi«jAiii 4 ;Di of BenAte. 

MAikKAS, rnavi^cE or: Chief Becretar^ t^i the: Gnv^rumviit nt HulHU' 

DuparLiuvtitp jSImJrai?, 

Malta: Mloister Tor the Treaiuryp Yalottu^ 

New BAL-jcfttFicis: Li^Ei^lHLJrt!! Llbrery. I'n-dcrlctoti. 

XewrDiJ?(iiUiAD: Colpnla] Somtaryp Rt JolmV 

NicahaOUa: Superlntpndoiitii de Arrhltm NncionAle^^, MaTkOdin, 

Nova Scotea : Prcrvln-cLal BisctedH-y nf ymn. Beotia, Unllfax. 

Paptaua : Seerutitrlci de KelAc3oiic« EAtcrlori^Bp PuRama, 

PaSaotjat: Ol^elnA Qea^ml eJe iTimlgmeiaa, Asune^EuiL 
PjH:«ce EnwAKL lsLA?f&! I^l,rl!$ilotivc LEhrory, CharloLL&Euwu. 

TCfuaxia: AohlwUi UomniiJi, BekbartsL 

Saltaimb: Minlatprio de Itelaclones EAti>rluru±$, Stsilvailor. 

SABKATcnewAN: Uovornraent LIEimryp 

Siam : Dcfiattincnt of Forclim AtEalr^. £fi4U|;kak, 

Btbaitw B^f^^LKMK^'Ts: tV>looIriI Blngnpora 

Uj^ited PBOVixeea or Ao^a a^O CElt^h: [Tnderset-rutfiry to Oovcniissi^rit, Aha- 
tinhacL 

Virs^sA: BEirgi^rtof^lMtai'^Aint dpr Btadt Wlon. 

IN™a\\tEj 4 ASlEKTA»tr EXCliAKiSK UF UFFtCJAl. JOUKNAL 

The iJiterparliamentiiry exclmn^ is ±^^par&t^ from the exclian^je 
of official dociinientii above referred to and h carried on hy the 
SniitliE^nian Institution in Ijohalf of the United States Governmeni 
in accordance witli a resolution of Con^i^ess approved Jfarch 4, 1IK>9. 
This resolution accords uitb tbe terms of vhe second con vent ion con¬ 
cluded at Brussels March 1SS&, to which the United States was one 
of the sijjrnatorics, providin^f for the immediate excbauf:^ of tfic 
Official JoiirniiL 

During the year the immodiafe exchange has been e 4 itered into 
with Haitif Latvia^ and Xorvvay^ The names of the establishmenOi 
to wdvich the daily issue of tiie Congressional Record is mailed art^ 
given in the following list: 

ABfiETBTisi Itcet-auc : DltiUoteca Oel CoEii5re?»o NucloiiaJ^ Buetiu^ AEkk, 
AiraraujA: Dbrary of tlie CommoaweaUh ParUnnicnti Mdljournc; 

Auktbia: Blbllotltek Ues NnUoDalmteit Wfea I. 

Uliiven^Erats-BUjil lot hell, Heldclhers- 
BELfliuu: BttdIotheQue ile la Chnmtire d$tg HE^krdsentnntSp BrusAolAr 
IloiJVTAS Cflciani: de BEjioiadosH Cf>agToso NacionaL iJi Pot 
Bilvxic: BIbliottioca do Ccdj^tcsso NaCEonaT, KEo de JuneEro. 
lEii’KXci!^ Atjws: BlbElu-ieect del RenaUa de Ea ProvtiiL-ln iJe Baem^^ Alroa, l4i 
Phitn. 

CA?fADA : 

IJUrary of FarllEiment. Ottawa. 
tUerk of the Senate, HouBeii of ParUaiuetit. Ottawa. 
tJoflTA Btc-s.; oUcEiia il« DeiX^tto y CaiUc Internaciuiml ae PublEcacEoties, Sail 
Jo^. 

Cttba: 

BlbEioteca de Ea CAinnra de Repreaeataati^ Habana. 

IllbElotecn del Sanodn^ Habuna. 
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CzEciEDsrjQfMsiA: BShlloEb^iit^ de I'As^mbl^ Ndtlonnle, Pm^o. 

Denuaxk: BuEvaUt 

ElfiTnDTfiA: RLIj^lraunitukc^U 

!Blblloth^iif> do la. Cliatiiliro dca na PaIqKs BoiiflHm^, Parld. 

Pibllf>nk{^]uc du B^xiat. an 1^1 aIa dii Ltiif^intiaor^^ Paiie. 

Okeat BdiTAi[i; lilhmr^ of Uat Fandj;n OUIl^ Uoffolni; iStreet, T^nJon, 3. \\\ 1. 
Ohjsicce: IJbnirr Parlliunf^nb AHi(!iifl. 

Guatemala ; HiliMoCccK dd la Olleliia liktorii&cluiiB] CdbtTd-AmtrLoaoa, Sa CalLe 
poak^jil« 3, Ciudad de Gnntf^nialiL 
ItAm: Becr^'tire d'etat dds Relatldiui Pnrl-AU'Prliice. 

fiDNDumAs; lElbllutoura dpi CoapivaMs NaeLouniK TagueliTAlpa. 

IIutcgaict: Dlbllotliok dps Al3ypc>rdnetpnliauai»i+ lltiilupp^t. 

Itatt; 

BIbllqteca dtdlB CaiuLm d^l Doimtatb Palami dl Moate Cltorlo^ Roaie. 
BlbUoEtM^a dpi 3aaatq dot Kqgnq, I^aIakro Madaiuiip Hump, 
tjAtriA: t^braiy of tbe SasimA. lll£a. 

LniTiArA! Department of State. JUanrovla. 

New fkitriK Waijgi: tJlirury of Parllanifbt. Sytlney. 

New SEelala^cp^ General Aa84i^iubly LHfrarT, Welllnis'toiL 
Noewat: Stortlajgets BlblEotek^ Clirlfititiuia. 

Peed: Cdmant dc Dlpaiaili>es, Confmwq Xadqiialf Lfma. 

IN5tA3roi ^loiuileur Im Mltip^tre dea ArTalrea fitrnng^ros, Wansaw^ 

PaiTTCoAi-: Ttlhllorhpca iki da itoptiblUa. 

Pui'^kia: HibUotkek due AbtptiikrtlEi-leiiliatiMLts, PrlnA-APireebtidrame 5+ Derlln, 
S. W* 11, 

gnixxBLANM: TUe UliicJ &tjeK>tary'B oma.\ Brbshaae, 

BL^MA;«tA: Blbllotb^th! de la Clianibiro dqa Rukliproat, 

l^rAiT ^: 

HJbUoleca del GOoeSW ile Iiw Diputndda, Madrid. 

Blblloieea del HeiindOp Madrid. 

3 wiT^Eiii : 

HiMEotk^ue de PAs/tAembtf-e Fl^ddrule SulHBe, BeniiC* 

Library of the Ia^o^liu of Natlnat?, GencTRr 
TEA.'tavAAL; State I4tirar>% Protorln. 

Ukioa ot Am4CA: Library nf Parllainenr. Cape I'ywa. 

UkuaDAT: flllilloEk^^ lie la OtmAra de iteprewtitAated4 Monfevlile^i. 

V£!tidii.rFXA: Cdmara do DlptitAilOB, Conint^ NadoDal^ Carncaa 
Wcamk Aubthaija: LlE»riiTy of Parllnmeiit of We7«tem AnAlralla. Perth. 
Yugoslavia: lihrory of tbo 3ku[Hdilliia, DcdETAde- 

It will be not^ from the above list lhafc there are at present 41 
different foreign States or Provinces with which the immediate 
exchange of the ORioial Journal is curried oji+ I'o ^me of the 
countries two copies of the Con|epessionpl RcjcorJ are forwardedy one 
to the npiN 2 r, and one to the lower house of Parliaments Ttie total 
numtier of the Records Lrojifimittcd ia 47. The number provided by 
Inw lor ihis exchniq^ is 100« 

roaicicx zxerLAsnE Aaa;vctiea 

AL4¥kAtAs ria f^acr-, 

AvuqLAp rfo Fartugiil, 

AMuKsri^K IlmFUHiJc: Ccmlidfia Protevtora dfl Blhllqtacas rofialArts Call* 
c^lnlqlu 031, Bui^EOa AtrAL 
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: fiuqtli'watnt fHr SEntlAtik. Stbwiinuiiil^eriiiiirasae VJtnUA t+ 

.SsQAEs^ Tift l^ortu^L 

njjMXiUt Service d« ^.ijlianifdii IntqrcLflticmtUi, litre Ocii Uiigi-Cbarlotii 

4ft, BmwrclH- 

Bolitla: Ofli-'liia Nuelonnl rip l4i I'a*. 

TinAKlt.! SetFlco de P^nfuitficT'ea ltili*jmatlaiLfiL‘ii+ Ftlldliitlitwm Xari^^rtalK rii^ 
Jnnqim 

[iniTiftj] CoijDTTiEa: Crotm AK*?titei fnr llie C-nSonlef^ t-Miilon. 
tSftiTi an G E?] A If A: RpjrT Asri^-'d ^ oHri OcmmeTTm SAdsty* 
llBtiTiKu I1DFPURA&: U»|ouln] ^wtuTy. BeJlJse, 
tSuLHARiA: lnJ«t$tnUA(m d<? S, 51, Ip tt«l dt? BulimrJPr 

Gaxart lALAliEitf,^ dfit 

Cdile : ScTvIirio dff CaDjijii Imlrritacloiuilp*, Uddltilcm Nncfnqfti^ 

Cnii^A: AmerlcRii-ttblHM Pubircndoli Esclian^ir r>f‘'fiflrtrootit+ Hliniiiiliid Dri- 
renn of Forvli^q AlToiri, SbaEUftret- 
ChoseAt GQi‘pjftiiiiL*Dt General, KpIJa. 

C€LOHiilAt Odclaa dt Cfinlpa Ittiefiuitdoniilc* j llppEUrtop liiWiotefTi N’lidiMittl. 
Bog^tA, 

i'cifftA tU^A E Ofldna rie Dvpfiidto j Canja Iiit*?niiicloiiol do pqhUaidon«Sp gn n 
Jo^i^ 

Cjl^nfMLQTAKtA * Sei-vIc'S Tditowlo^Hmie dea lat^mntlAiiaux, tllblli> 

tfai^itie dc l'Aa5™bl^A XatJoiiiilP, Ftn^rire 1^70. 

DAHStia: StttdttlhUnlhtk, Donrls:. 

DEauARK : UanadiP VidpnFt«tM.'nrefl CopqiibR{;oii. 

Dorcn Gulai^a : SftrJiaJiBniMfdie K*iSotilfik‘ BlblloEbtvk. Pai'acairBw^. 

B{?uaiurt MlaUtrHo do Holadoaois Eictorionw, Qnitn. 

Eavpr: GoTtMTiineiit Puhllratiaiiia OfBw, rrlnli^iff Depirtiiipnt, BnlRrif CAtto. 
fr^ixoiiLikt State ribrAryp EflTal. 

Tt^tUk^n; Dcleeatbii of Oie SdenUftc ijudotlea of FliUlliidp nelBlnirfora. 
FitjjfCE; Scni™ Fraucalii deft fiehanj;** faierqadoufttirt lift Roe de Gteoelle, 
PftriA 

uEkmajvt: AmerUto-IiiHtttiit, fTnlTerBlttttrtfilsse B, BerlJo, N* T+ 

Great IbutHUtf a 5 & Mnsra. Wbeldon & \V«dey, ^ 3, mnd 4 Arthur MU 

Slw OatfonJ St,, t-oiidctt, W\ C, ^ 

Gfixecvt DibliotkO^Qu Nattooftlcp ALheiiE*. 

Gku^KLAifPf via Demoark. 

Guatemala : liatittlla Nacloiull de Varo&ra, Cwik'iwiilft. 

Haiti : tJperutiilje d'etat deH ReJatlima I‘:^T4idewrt?*p I'ort na Prinee. 

Etenuouftt DlhliotMa KaeJenB). Tegurfifdllwi. 

HtTE^dART: lEumtaHan Uhnirksi ilowrilp lliidatri»L 
tcELAIfDv Vltt Dt-tlUUrlL 

1:tola: tluiJdrintefldeftt of Sifttlonery, Uoretioy, 

Italy: Ulftdo degU fkambl tntomtiElouflli, EI31i]letwa Narloiifltft %^ntorie 
Eniaanole, ItuEUi^ 

JaMAIITa: Idfttlttile of JanioIcB. KloBitfitL 
jArAff: ImiKTlai UhntTy of Japan. Tokyo. 

JavK i*** NetiierlAn^U, 

Mlalfttry of Ferofpu xlffRlrw, RIsn, 

IjoiaJAt Etipeoti o£ EseiiangftL ikfmrUnt^i of Slate, ^roorovla. 
t^mUA^cu: Sent lij caalL 
Iduvum^ iMAtsttirici, Hn l^p^tllg■li. 

LlrXEAdinnii. rJo 
5lAiiAi]AacAiL ria Franw. 
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Madeika^ via Portn^al. 

3lo3UM&iQirz, Fortoip^L. 

KSTEiEmAX&B; Rtureati ^-ionHQquc Central N^erlandaU^ ELblloUi^iiG da L'Aca 
ilc-tnin Teelmtiiae, l>elfi- 

Nkw South Walss: Public LSbraty of »wf Bonib WnU^ Sydney* 

New Zealand? Dominion Sfuseum, 

Nicabaj^UA? MinLmorLa de RelncloncET H^AferlorCnS. Maongun. 

NoawAT: UalveriltGtfi^BIbllotEkf Chriirtlj^nia. 

Panama: SiH:ro|arla da Roluclnnos ExtCiioro^, Patiamii. 

Paiaguay; ScniclD do Cnn>e Intemiiiclonal da llibllmriuua#, Bci'Clonee < ^in¬ 
sular y do CpKPetN^rlo. MlPi^etLa de lleladoneB Extartoim AnnncloA^ 

Ptfitj: OddPu de lieparto, Depdalto y Odiijc liitertiadouul de PnblloadutLet, 
Mlnlaterlo do FomenCo, Idniu. 

PoiJL?Ea; Elbllotlij^na du Allnisti^ra AfTalre^ ['^riLikgereis, Warsaw. 

PoHTtfoAt: SeccHo de Troouj IntoninelEityieat BlliUothocft NacJofiait Llelion. 
QuEENifULNo: Bureao of Excbungea of Intcrnntii^naL FubUcatlotiai Cbtef Sec^ 
retary'a CdBire, Brlsbano- 

Uuua^ia: Enstittitnl Maiaarotoglc Cmitmlt AgrlealtUTTl, RnkMre»L 

iCuo&fA t Acadatpy of Bclances* l^blpgritd. 

BAtVADdai MljilaiarJcp de licTwcloties ETieHorefS; Sjio SalTudor. 

Sr.^u; Dopeirtmecit pf Foreign AfTalr^ Dongl^ot. 

South AusriiAUA: Public Ulipury of Soutli AiifftnillQ+ Adalaldai 
Spains ServScIo dal Catablo IntertiacInnaL de I^bllcnolDnaaf Coari»o FacaltB' 
tivo de Arcliltero^, HlblEotec^rloti y ArqueOlogoa, AfadrIiL 
SuuAniAp Netlierland^ 

SwTcoi;?*; Kongllgu Svaasta VcEenNkaiia Alcudenden, Stookhalai, 

SwrTZERLAND? Serriire Siilsae defi £cbnn^fa IntemntionauXp BEiiloth^iua Cen¬ 
tra Id lieme 

^YRlA: AmorkciLii t-iikanflty of l^eSmt. 

Tabmania^ Secretary to tlie Premfer, Hobart 

Thinidad; Royal Victoria Instlmte of Trinldnil und Tobago, Port^jf-SpnliL 
Tunis, rio France. 

Ticket: lEobert College, Oonijtpntlnoplp- 

Union of Squth Alvica : CDTammapt PrUliloi; Works, Pratorln, Transvaal 
Cmi-Qu.vr: OHdna de Ctaoju [xitemackiPFtl de FnbMoidoiie^ MoniavliTeo. 
VEfii3GUi^fA± Bibliatex'a Nncjotul Cnrdcas. 

VlL-tohlA! thibllq Library of VJctorbi, Melbourna. 

Weston AuaraALrA : Puldic Library of Western Aastnkliu^ Perth. 

Yu-cKjfltAVlA i Acad^inSa Royale Berbe des Sdeitees at dest Arts, Bel^mde- 
Respectfully submitted. 

C* G* AliBOT, 

Asiistani S€<?retary^ 

In Charff€ of Lfbrat^ 

Dr. CiiARu^i D- Waijcott, 

Secr^tari/y STnithsoniimr 


APPENDIX G 

REPORT OS THE NATlOSiVL ZOOLOGICAL PARK 

Sm: 1 have the honor to $iibrolt the following report on tlie oper- 
aLions of the Nntionjil Zuologica^I Park for the fi^nl year ending 
June 30, 1024: 

The appi'opriatiun made by Congress for Uie i^giilar maintenance 
of the pork was the same as for the preceding year, §5125.000. Tlie 
bill providing for printing and binding^ Smithsonian Tn^itiitionj 
contained an oddltionai allotment of $300 for the S&tional Zoologi¬ 
cal Park. 

Tlie year hns been one of the most successful in the history of tlie 
park, both us to care and maintenance of the buildings, grounds, 
and collections, and in service to the public. In addition to many 
minor improvements, a new resiaurant building has been completed. 
This was in operation before the close of the yearj and the cleanly, 
roomy, open refreshment room and sanitary serving quarters have 
been greatiy appreciated by visitorsi The collection is beyond doubt 
of far greater value and scientilio interest than ever before, and has 
been kept in cjEcellent condition, with low rate of loss. Ail previous 
attendance records have been bi'oken, and a total of 2,442,SM visitors 
was recorded for the year. 

AconeaioNB 

m 

Gift*. —Altogether, 221 anjtu&ls were presented to the park, or 
placed on indefinite deposit, during t!ie year. A most notabie accea- 
aioti was a fine young Baird’s tapir, presented by Mr. M. G. Henery, 
of Puerto Castillo, Houdurus, and obtained through the interest of 
Dr. Wm. M. Maun. Baird’s tapir has always been one of the rarest 
animals in captivity and the only specimen ever liefore in tlie Na* 
tionn] Zoological Park was a young animal exliibited for a short 
time 24 yeai-s ago. Tiiree species of tapirs are now living in the 
park, a most unusual record for any Konlogica.1 garden. Mr. Heneiy 
is to be congratulated on his notable achievement in adding this 
unusual atiirnal to the national coUectiong. 

Mf. ^ ictor .T, Evans, of IVasliington, D, C,, who has taken a great 
iiitei'cst in the Kational Zoological Park for many years, continued 
his contributions of carefully selected iininiiilsof tbc rarer and more 
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unusual varieties. Among the spet^imciis received from him during 
llie la$t year were sueh valuable species as tbe agUe gibbon, gelada 
baboon^ Tasmanian devil, crimson-winged pai-oquet, Australian cat¬ 
bird, and long-necked turtle. Altogether, Mr. Evans contributed 
animals to the parh during tJie rear. 

A most interesting collection from Brazil was brought to the park 
by Dr. W, L. Schtins, coininerdal attach^, United States Embassy, 
Rio dc Janeiro. Tliis cdlleetion included a fine South American bush 
dog the first of its kind to be exhibited in the 

park. There were also an ocelot, capybam, coatiitiundi, and several 
birds. The bush dog is an exceedingly rare epecies in coIlectionsL 
Tlie Cu midi an Government, through TTon. J. B. Harkiu, Commis¬ 
sioner of Dominion Parks, presented a male yak and two female 
Rocky ^fountain sheep from Banff, Alberta; and the State Fish and 
Game Com mission of Utah, through Hon. D. H. Madsen, contributed 
four beavers and a nntnbk collection of wiki ducks, including six 
diJTcreat species. 

The eomplete list of gifts for tho year, from 77 individual donors, 
19 as follows: 

Mr. E. J, AberiKtU^. CoaaeU^ Spring N. CL Kreat liomed owL 
Cnpt, Ffaulc Vans Agn^w, Peteu. Gimtenmlqr ocelot^ 

Boti. D_ BuIelt. Tritililnd. BrltC^lL Wrat IntHcff, 2 tiw [wmiptncs and 2 

liluc-and-yellow ihacawo, 

Mr. IL Barber^ WaahLtigtnti, D. CL coprerlieaiL 
Mra R. W. Barlao, Baltimore, M<L, coeliatML 

Dr. I'aul Wnahln^tiU], D- C.i oliuclf-wina-wldow and BaUnnia 

reel Lfamuna 

Mr. Qsdqt FI EoFard, Orlande^ FTa.. 2 Cnmcnrw 

Mr. L, G. Beert5ower+ Term Alta, W. Va., ip^reat blue heron. 

Mr. John CL Betts, Tultoniii Park, 2 nUl^tora. 
ilr»r W. O. Wnsbln^lOfi, D. G.* oeelat+ 

JVlr. Albert A. Breeden, AfnanasaR. Vd., Vlraiuta oj>g$sllln. 

Mrs. C. ^L Buck. >VH$hlnRtna, D, G., doable ycliow-head parrot. 

CanadLaji GevemmcDtp tlirouj;ti Hon. J. tl. Harkta, yak nnd 2 Rocky Muuu- 
ruin 

31FR Ks B. Chupmnn, Washluifton, D. tnalUrA 
Mr. Austin H. Clarke Wa^ddnlttiiD. D. C., etmary. 

Mr. G. \V. Clarice. WaaliSaEton. U, C,, 0»per's hawk, 

ai™. J. B. Conn. Wasblnj^on, D. C.* onuiEfr-wliJiped parrot- 

Hocl Colvin Coolldpe. Wlilte Huusi'. WoshLiifitoiih D. Cpp bloek liear and 

peofHDWt. 

xMr. T. iL C^ubtR MnnaEKia, Va,^ VIrjdala opoesuoL 

Mnk J, 13. Cummin^ Wilroln^toiiT N, G„ coucUwblp snakes com stiake. and 

2 gtaaa sniikeR 

Mr. ('Iinrlea F. Dculey^ Gliininnnt. Md., ^ vultuvtnn ai^luea fowls. 

Mr. r. S. Bast, WRSlilikfrton, D. O.. i^iNporheml. 

x^'ilr, JoiF^Tiih WaflIiIiiHlonK D. C., 2 dcptnoistlc rabhiEs. 

- Mr, Victor J. iivana; '^VDs11lnstcv|]. D. C., a^lc gibbon, i^lada hnbocn, 2 
Tot-nmnlnn dcvilR aiUnburcanosled eochiitoo, Peiukiint's paroiiaclp erluasoa- 
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wJnset] paroquet, 2 rtbss ptirrMitiet^ muciiw, 2 muBk lorikeet^ Acj* 

trjiiran CTittitn], shKtttnt; stjirltnfr, 2 ml-fawd tUmldljiti btaek-fitceJ 

<j0iildiaii Oaeh, & dlanioiif] 3 »ebhi flach&s, 4 8 l wastbill^n rosy- 

ninipod finch, ii chCAtnxit-linesistcd finches 2. red-JJeaded fl4acllea^ 2 pamdisc' 
wlisrdnLu^, Afrliiou wmhI hoopoe, AuntmiliLn thick-kiice, 2 rtn^‘tii?tl |>l|,^citij0, 
necked turtle^ atiunp-tnili^ Uznrdp 2 btue-ton^Dd lluirda, 4 watef drn^omt^ ntid 
4 AuEtmllan 

Mr. Edward S. FDllcir+ WofihLnj^lua, D. C., loon. 

Mr* W, B. Ciardnoft Clturlestijn^ W, Va* hnaded nitttc^ake:. 

Mr, F* W* GtiikynQun, Eeuatior^ Bnoivy ly^ret, 

Mr, G. W, GikkI. Wufliiltielotii D_ C,. muskraL 

G^»ri^ W, Hurrlnglurtp Rlchmoml. Vn.* paras moMk^y and wlilte* 
throiiterl capbchJa 

Mrs, A. F. Hm^p, Wn^iInEtait. D. C.^ linmiKl to«id. 

Mr. T. M. IliiBloh, tiaceapfirt, F3a. adlgaton 

Jiifr. M. G. H^-iwry, Fuerfo DwtlUo, Hondonm, Etird^*^ tapir* 

air. T. F- WiloiSpi^ton, C*. cOjaf^rhcniJ aiut euflcliwliip mmkc- 

Dr. M. W* Lyon^ South Rend, Ind., Frank Eln'a epenquiUillo, 

Hoa. D* H. fslrtl* Fish uad Game Coumd^ioa, Suit T-nkp City, Utah, 

4 IwaTora, ^mn-wliieed tenl, HhoveUerp 2 redhemisv 3 niullarda, S baldpEitea, 

and 11 plntallSr 

Dr Wm. M. aTuun, ^ViiiliEuf^on, D. <1, M&xicati r-iddet monkey and 2 Uou- 
f\mm jsqalrreta. 

Mr rx W. atnyr Mayiiguesat Porto Rko, 2 Jnnjiilcu rwl-taitwl hawk^ 

air. 1'*. H. aicHurtle, Wevaeo, W. 2 h,^uded rnttIe«iiPkesL 

Mrs. F. at. ateQunde, WaBhlnj^toa, i\ iX, dnuhlo yellrjW'head parrot. 

Mr* Andrew aillEer, WnfirdnaloTi, D. CL^ retl-crowned porrot. 
atr. C. K. aiEntucE, Roeliesteri N. Y.* banded nittloanake nad 2 biaekAnokoj*. 
aifs, G. W* ^[oroy* Chevy Cliartiet aid,, r&d-tnilcd ha^vk. 
air, Wuller C. R, Morj^e, VVufthSogtoii, D, CL, oninja* wlnpied pnri ot niid 
taenly pnrrtit 

airH, W, lx JCorfolk, Bultlniore, aid,, lltl mimkeyr 
atr. Tlics, J, Nutt, St»merirll3e, ain^ss,* Kreen inienoiL 
Mr* Edword cyCoaiielt, Wiifdilni^toTfc, t>. G., red fox. 

Mr* VV* IV Kell, aiioinc tdo+ Vb,p 2 ^^ng-I^e^:ke^1 phmtenntx. 

Mr. 3^ l^tteii, lYnshHoRtoa, D, C., woodctiiick. 

Mr* Puwlln^, Washlnf^Ofk tX H, eooter 

air* W, Robert I'efkEnfip ^VnahlngtoT>^ D* C-^ 2 n11J|;atora 
Mr. K .H, Picard, AVIlmlngEna, N, Cl, bonded rnttlct^uke. 
airw* H. H ILaad, WnRhlast^i^X D. IL, 2 tod paroquets, 
aiaj. A. D, Horpx, Porfiiraoiitli, K. H.* Santo Dombu^io parrot. 

Mr* It, IL Sari^at, ^Yaplilnjifton, D. 2 ntJlpitors, 

Mr. E. S. Sehmid, Waahin^tDn, D* G* harreti owl 
Dr A. II. Sehnltz, Pnltlnion^ aid,, hmwn pelican, 

air. W, Lh SelinTZ^ lllo dit JaneLro, BroElI, basti doi;, iKfcIol* enpyhora, gTEty 
^'^mttmnadi, red-bttled toncuti* red-And-hTue-ptid-ycHow muenwp and 3 blno-and^ 
yeUnw mnenwaL 

Mtu VY. F. MartlntiburKK 'V, Yu., Cuban parrot 

Mr. Asa A, SEieeb^ WcHidHlockp Va.* npuph preen uiaks; 

Dr E, W. 8hufeldt and air. James H. JeaCor, WiisliE 04^011, D. 0.p 2 water 
i^imke^ anEl 2 p^irter annkeA 

air J. VL SmItE], WasrilaptaiX D* i\ omapp-wEnged porrot* 
ai<455ni* SniMMlen and Davis, Wllailn^oiip N. G., klop aMLke. rblrken an^ko 
Ediiekimakep rad sprciidlni! adiier. 
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Jhlra. 0^ £(»tn-e'rvme; WushLngton^ D. bob whU& 

Mr. F. C, Stiinill&j? tiiicj Dr. W. 11. Mjinn^ Wajhini^nEi, D. C., AU-en^s fypos- 
riinninA EisouUp lO Enrl pttrtMjuetit, helJ log;gerh«id tnrto. 

Mrs. Hotiort B. Stiles, Peter^bilrff, white-Biroated capuebtn. 
afra, W+ W. Stuart^ WaBblciptortK D. C., wlitte-thr<wiit<Ml cnpucbln. 
a|r^ Londazi Thamaa^ AqgusED+ Gn., blDt-nnd^f'eilQir iucic^Wh 
M r, i. a Tylen WaariSn^ocu D. G., 3 alliijHlort- 
afr. Allen W. Uttdoriro&cl^ WiiaMnptoo, B. CL^ 2 rluKod turtledovcg, 

Mr. FmaV llpedmircT I>. CL, alll^tor. 

Mr. J. S. WaraibaUi, Wiudil»i^oii+ D. CL, ^'Ir^Snla op^ss^iJm and 2 tjrent 
homed owls. 

Mnt Garret Watsoft, Waahlnji^tMi, D_ C.^ double >'ellow-h*aiJed jiarroL 
air. J. EL White. Snowden. N. C. whlatlin^ swan, 

Mrs. Graoi? Wl lit J neon, WusblnKton. D. G,. Cuhou ijarroL 

Mr- Cbarles M. WIllDDgbbj. WashliiKton. 11. Cn '2 Europoan faxes. 

Mr, JL \V. Wilson, Glcu Eebo, Md., Cnlifomla oajrdte. 

Mr. E. R Wood. WnaliLoKten, D. C., red fox. 

Births ,—During tli« year 42 mammals were bom and 27 birds 
wore hatched in the park These records^ as in former reports, in¬ 
clude only such as are reared to a reasonable age, no account being 
made in these published statistics of young that bva only a few days. 
Mammals bom mclude: Mexican puma, 2; lion, 2; dingo. 2j gray 
wolf^ 9; Ilocliy Mountain sheep, 1; mouflon, 1; aoudadt i\ tahr^ 2; 
AmericBn bison, 2; reindeer, 2; Japanese deer, 3; bog deer, 2 j fallow 
deer, 2| red deer, 5; guanaeo, 1; Trinidad agouti, S; rhesus monkey, 
1; Javan macaque, 1; red kangaroo, 1; rufous-bellied wallaby^ 1; 
brush-tailed rock wallaby^ 1. Birds Imtdied were o£ the following 
species: Blue goOise, black duck, wood duck, Australian ibia, black- 
crowned night herou, and grass paroquet. 

Twin monkeys were born for the first time in the records of the 
park, but one of the young lived only a few days. The species was 
Macaco rhesus. The breeding of the blue goose {Chen e^epule^tens) 
\b a notable aebievetnent, of which the keepera in the bird division 
may well be proud- Tlie young of this bird have never before been 
reared, and only once before, so far as is known, has the specie 
nested in captivity. 

Exchanges ^—A number of desirable animals were received in ex¬ 
change for surplus stock. These included 12 mammals, 60 birds, 
and 4 reptiles. Among the especially noteworthy accessions in this 
class arc a young black rhinoceros and a leopard from Africa, 5 
reindeer from Norway, and 2 San Geronirao harbor seals from 
lyower California^ Bir^ received in eschange include a kiwi {Ap- 
letijx m/inteUi}y ^vhkli, with a number of otlier rare species, came 
from the Wellington, New Zealand, Zoological Gardens in exchange 
for some American animals. There were also received in exchange 
a trumpeter swan, a wedge-tatied eagle, and numliers of other water- 
fowl and cage birds- 
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Purchases .—Only 9 mammals^ 81 birds, and 8 reptiles were pur¬ 
chased dunnjv tlie year. Special mention should be mudG, however, 
of a pair of Alpine ibcii, from Europos 10 Jlarquesas Iskuds doves, 
3 bleeding-heart dove^^ 12 while-dieeJted goose, 9 pink-footed geese, 
2 Ma^^ua quail, and a gaunet. All of these unusual species are 
<1ning well in the park. 

Transfers .—The Biolagiea] Survey^ United States Departm^^nt of 
Agriculture, transferred to the National Zoological Park a number 
of especially desirable animals taken by held agents of tlic bureau or 
seized by Uftitc<l States game wardens in discharge of their duties. 
Of particular mter^fc during the year were a black Iwar from Oregon. 
2 paces from Central America, a black-footod ferret from Nebraska, 
2 white-checked geese from Alaska, 2 whistling and 2 mute swans. 
Altogetherj the Biological Survey contributed 7 mammab and 11 
birds during tlic yean 

Deposits. —^Amoog the few animals received on deposit are two 
parrots mrdy sJiown in this country. ITicse aro the Philippine 
cockatoo and the Philippine green parrot, both new to the recorcla 
of the park. 

NEW TO TILE COLLECTION 

An unusual number of animals new to the park records were 
ceived during tlie year. A list of the 40 species thus exhibited fur 
the first time follows: 

AUcd's epoBsom—J/eldoAfropA fmco^friseas. 

CBlLforatq coyote— 

Enrunean fox—V'iUpc4 tnilpCA, 

Bunh di^—Irflc?yon 

Son OerOnliDo liarbor aeal—rlcAdnfn 
Franklin'^ wpennfipLUe—CJfFnwj 
Tree tHircunlac —Coejtdou ffrettenriliM, 

Omy tStl mohlsey '—VaUicclfUM ffiffot. 

Aplie itlbbon —Jlitlobetcs Ian 
Alp3n@ Iboi—E^apra iOe®, 

Black rhlairoms—/iteCT^ bicamit. 

WlUte-checked —Bmnla canodensiM aceidentalU, 

Plfik-footed gtiose—AiHffl- bracitjfrhtmehu*. 

Jatrtalcs red tal l—Bufeo borroF^f /omafoni^rf, 

Vtilttirlne giUnea fowl—rulrorlauin. 

Pakclio—Porphi^Ha j/anHejrf. 

Ljir;ee-blU(Hl thJek-ksce—/Jf^rAihUJ 

Phil Innl tie cockotoo—/iiroiafii™pV£ria. 

OiiinBoa-wlngeC [larret^^prOToilcfu* ervlftrapfcrut, 

Philippine preon parrot —Tanpimathvs tueicnsnsls. 

lorLke&t —QlowpHitn coiurianq^ 

Ctauclc-wUr^wtdow —A n froalomui camlinmiMU. 

Marepork owl—^pncr^ranj noiYrfl«^fan^#EFr 
Eted-htlled toceati —BampbartoM monOjr. 

African wood hoopoe— Inisor eruthntrhynchus^ 



92 


iKKUAL itEMlrr HMiTllSDNlA3< INSTIXUIION, VJ24 


bMlhxiX — OiGcompMa 
Mlatle thm^i—Turdu* f/«*rorirjr, 

Aui^trallmiT UTkthSnl— niHdlit. 
lU^sj-nmiped ’sfnxbtll— UMfrUd^ rlui4i}ptfm- 
Itod-hcadfK] flneh—crp^iPiryrt’riflAaFa. 

YoUnw-taMod oriole—/c/cra^i mcsomc^a^. 

Oniy sLngLtiE Jliich:— Bcrinu§ reuro/>ji/|7iv«- 
L4H;lii[idrhor'& ELOiijiurol I—Pffiien’wa Jcchifichm: 

Bri;biibi& rock Iguftnn —rilepL 
Water drnKon—Jeine«rfi+ 

AD^tr^ll^in nfctnk—^iT^^Wnii evaniaffiiam^. 

Western bull mak^^Pitu&phis eaienlfpr^ 

Bo4iiled fiuiike —Drvmotfim marppriiiferm, 

Mexico D muek turtle—Kino^flemon ^on^ricn^eL 
Lon^-necked turtle— limpkoUU. 

UKUOVALB 

There were sent awfty in oxclinnge to other zoolo^cal ^rderui 
during the jeari 75 surplus Rnimals^ induding 41 mammnb^ Si 
birdsj and Z reptiles* Among these were the following mniutuals 
bom and reared in the park: European brown liear^ 3; raccoon^ 4^ 
JIiiTTUi. 1; tahr, I; jak, 2[ Japanese deer, 9; red kangaroo^ 1; rufous- 
bellied wallaby, 3. In addition to these, 20 gray squirrels were sent 
to Quantico, Va., for stocking the United States Marine Corps reser¬ 
vation at that place, and 21 squirrels were sent to the militarj' reser¬ 
vation at Fort Hayes, Col ambus, Ohio. 

A number of aninmls on deposit were returned to owners. 
Although the death rate lias been held at a normal 13 ^ low inai-k, 
tiiere havo been^ as in all yenrsj a few" serious lo^'-s of anitiials. 
Some records of interest bec-ause of the long periods of life in the 
park are as follows: A sacred ibU {Tkre$ku>rnis (pthhpicus) re¬ 
ceived September 25, 1903, died October 1923, after 20 years and 
25 days in the collection- An East African leopard, feinalG, w'hich 
W£L£ prfi^^nted to the park b}" Mr, W. N, ^fcMillun, and arrivetl tn 
Washington December 19, 1909, died 14 years and 4 days later on 
December 23, 1923- A boatbill heron (CochleariiiJt co^hi^nrim) re- 
ceivctl September 2% 1919, died on December 11, 1923, after 13 
years 2 montlLS and 13 days in the park- A female Mexican agouti 
{Dm^pTQcta mexicuna) rec^etvod July T, 1910, died August 28, 1923, 
having liveil in tlie pork for 13 years 1 month and 21 days, A 
female Arncricaij elk (Oer^ms canad^^mis] bom in the park on June 
5, 1919, died August lU, 1923, at an ago of 13 yeais 2 months and fi 
days. A noithem wild cat {Lr/ntt? Mint//), male, received January 15, 
1912, died 11 years 9 months and 13 days later, on October 28, 1923. 
A male white stork {Oiconia ckonia) received Augtist 12, 1912, died 
April 29, 1924, after U ycare S muntliK and 5 days in the j»ark. 


HEFOliT OF Tlilfi SECRETARY 


ga 

X tayra {Tat/ra barhara) n?ceiv^d September S, 1914^ died 

on Afavch 20^ 1934^ from pericarditis after a life of D years 6 months 
and 12 days in the coUection. 

Other serious losses by death during the year were a Malay 
hoar, congestion of lungs^ August 1% 1023; agile gibljon^ pnenmoniaj 
Jantmty J l, 1924; orarig-utan, late ridietej February 15, 1924; and a 
South American tapir, iniussuseeption of small intestine, February 
19, 1924, 

Post-mortem examinations were made in most cases by the patbo- 
logical division of tho Bureau of Animal Industry; but five examma' 
tiotis were made by Dr. Adolph H. ScliulU, of the Caimegie Inslitu- 
tioHi Laboratory of Embryologj ; and one was made at St. Eliza¬ 
beths Hospital, Department of tlio Interior, 

The following list shows tlie rcsulte of autopsies^ the cases being 
arranged by groups: 

CAUSES OF DEATH 
iSJkUUAUi 

^arALtpluUa: PorimaLtl^ t. 

Camlvoni: PnopmaDla. 2: nf lunga, 2; ^terkUi 1; j^astroenEorltia, 

ii; pcricardUls, 1; m cause foufiA Ir 

lEedentla: Pueunioaia and pericarUStls;, I; mtilUple tirniora nf InngA. 1; gastro- 
entcritla^ 1; rnandwonn Knfestmtlnrii, 1, 

Priinalea; PncumunlHT 1; congest Inti nf lisngfl, 1; tnberctitnslB^ S; enterma, 4; 
fltenoEla of latcAtln^, 3 ; hopatltlsK I: lute rlchets, 1; an canae found. 2. 

Artlfulactyla; CasMtiBi I; uacnila^ 2L 

E^crissndactyla: InEiiasiascepdQn of Kuinll Intestine, 1. 

Ekie&tata: OaBLrttla, 1, 

maxoa 

CVilynibl formes; AenerglllosK 1- 

L-jconllfonnes: Dlpluncrla, 1; Internal henjorrhaEe, 1; imnnla. 1. 

AtiBcrfformes: Pnemoonla, 1; taUTColoets, I; aFpergUlosta, 2; coIUhicIU 
lOfllW. I. 

GnDlfonnes: ColUmcHkiftls, 2; tntr^dlna] jiwpeiratft, l. 

Cl ml formers: Tathctic-uln^ta, 1; entorltL% 2; no cnis^ found. 1. 

duimdrllformcif: KtiEerlUa, 2; m cause fotlnii I. 

Cnconformes: No euasG found, 1, 

I^aittncEfortn^A; CJeaeml cacLieiiA, 1; noeiileim 2. 

p££Fffii>iiforciie$: Ta^nlasls, 1; no causa founds 1. 

All specimens of special scientific value tieeded by the United 
ijtates National Museum w^ere transferred after death to dmt Institu¬ 
tion. Tlieso included, during the year, 21 maminats, 50 birds, and 
15 reptiles. A ntiinber of rare birda’ eggs weRi also sent to the 
Museum, 

Five maumiab} esi>eeiaUy needed by the Carnegie Laboratory of 
Enibn'ologyi iTolms liupkimt Medtcal School^ Haltimore, were sent 
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after death to that Institution; (md otie mammal was sent to St* 
Eliznbeths Hospital, Waahinjcfton, D, C., for special study of the 
brain. A few skins of cage birds were- saved for the reference 
collection at the park. 

ANIMALS IN THE ruLLli:OTl(>N JUNE 30 , 1^24 
ANIMALS 


UAAbOFIiLlJA 

Alkn'p opoiuniiii ajkii#- 

tmw _, ,__ 1 

VItvIdLa Q-pnitsu-m [0£del|?h£i rE/^n^' 

--- 4 

TABtnBhlBli drvil f^rrfiipftritiP Aar- 

ritii) - 3 

AantmtiBii Dpojuittm crratAAiunM ^bJ- 

prtufffI 2 

phalfiJU^r hrtri^ 

r^p^ll --- 7 

rtninb-lBilfH] Kwt wiiIIjiIjt 

aufpilptir lllrfl WBllAbj fJiTamiijHi# 

I _ __ - __^_A 

WalinrcA tMacroput mbuiOitl._ 2 

<iT&at kflujimKp |H- 

ffBIth'H) _ 2 

Rrd lUncan^ <|fMnipM 0 

Wombat 4 FAo«{-olpjit||i nlfehclIO_ 1 

CAa!7XVDXA 

Kfld^k ticfir (UrwP iii4^4'nf> __ 2 

Alnskn PenioinlA 4 

Vafeytflt be^r Cl7i^iit #9^0- - 1 

Nldde^r^B bcAr iUnuM 2 

Enr^lHfin bear {fJrinr _ 2 

OfLulj bur iUrMm ftp*Tfbtf£i)__ l 

Apii^br Blitilr (Irmiii j9ir4:A4£ ] __ 1 

SIruIb^kii bear (t7nu ] 

Black hmt fl/rm 3 

€ibrui&y?d bcBJ" {tJmu aHirfA^w 

Hji Haw onmm ^ _ 2 

midvr Irtir IFrmi mpnpiiJtil _. I; 

Slptb b€Pr (ifelurPiM arriiti£>) i 

rolar Iwar {TkalArctw mfircrbHiHi>„ 3 

DIjieo ICdvUi ifln{rfl!l g 

Orflj wolf itCoAft itabCnJ > 10 

Timber wptf i>f;i:id<iilar(i 1_ 1 

Tr£ftB irnSf CCOnfi -. _ 1 

CPTote (Conti lolnsnv}.._3 

CkllfomLa. cejet# iCoHii acA^piij|ji__ 1 

IM ftiX rntifil)-___ 4 

Ebroptoti foE (rNlpH rpfpr-i>-_. I 

KlE foi (Fiii>f# rdor) —_2 

Grut-HLTfd foK (Ofocfiofi me^Fplli). 1 

Qtmj fox (Ur^efrOff nkutvPorit^nifrvlK 1 

BurJ] doi (Jcffcv'Fa i 

PAndH (^rinnii fiiljcrinul_ 1 

B4.m«D (I'rsciro'Pi fl 

FlorI4il l»cwon (fV&rF™ Ibid' fJp- 
rHi I ----- 


iTOAA - coDtiimed 


Of^T <411:1 ImuiiaJ (A'ama nor^:dJ»..- 2 

Red epfltlQibndl tA'ojo* Bwual- I 

KlnSaJoQ <FpfbJ --^ g 

Mulroa klnkajoii (Fbfrat fiavvt »$- 

t4mJ>-1 

Tjij™ (Tovnl fiorbfljflj--— 1 

Amerlnu3 tmdgGT (Todklro {onifl... 1 


|i'lp<|iljl QttBr fLutra rdHa^ntili 

VftjJQ) --»» -w- ^ , -w.,-— - ^ 

Qjiick-feioEEd fciTet (jfiitftia mig^ 
rffilTi^--- 1 

E^alra cirol I ForddPLrttnu hfrmn- 

Aprd-^WPlf (FrflfrVi rHifnlirtl--...-. J 

Spotlpd hr^HB tCi^brnM nwvlol- 1 

Rtirlp«3 hjeiio — 1 

Arricop chie«tEib ^Ac4>iP*Vi9 2 

Llott (Fdti 7 

BensnJ llRtt (Frlrt -*-. 1 

MBPchilrlda tlE^r <FrJl« fiprti IfiHpf- 

pifiM) -- 2 

Lroputd (Fdti pdfifoil_ 2 

JflEumr (Feliff puco} ____ i 

RfuillAii octlbT (Priti pftr-fkiiCi tmwiu 

4<iiili).. 2 

3bow >»psr4 (Priti Hn<4d>_^_ 1 

Uexl^Rb f«lnji (Fdli 4ttW|___ 4 

MciontjJn Hon (Fdfi AfppoEeif<1)_ 1 

CARadA IflUC (Litm H^adrndil-.^_ t 

Ncrtbertt urtJd oit (L^iv I 

OfcJ Ilf PA iLvns nufiiil__ S 

ClQodbi l-Kpord iNeofriU nrfrtilb*d}^_ 1 

ttifmnmA 

CilUwnla Mfl libn (^atppAui mir- 

fonUdNBJ) _ 2 

Sao 0«f4niDiP katiwr puI EFAo^ 
ricrAomifa *_1 

MOpmarriA 

Woodcinick fJfat'inatd monafL....^^ .i 
Dubkr Ouifiii^M flfonnala jfarircM rpHif 


FrnohJIii;'* rp^rmoplille | CYtr-JliLi 
nv»tl4iiil>^_ __ ^ _ j 


CfaJnlnaEik (^gfoMttiu Bc£fl«l«i) i 

eoiidnru i^tllTrct (^cfunif bb-orAJviI 7 
Albiap dinlrrCl iS^uruw edraliatn- 

p**l -____ 3 

BaUb^'i iMKket tnouM ^Fdraandlflflji 

ABircvU _____ 1 


t 
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BifDiLNTrA—MB linked 

AiQ^rlcan bcuTvr canadrBiliS^ 2 

iJI rujh£hjirp«r moELi4 (Uiti/cA4M|rJ Uuea- 

^[uBiknt <FI&fr 1 

Afrli“fln pcl^t^upi^^* 

^tfitn^ tKi^rCdplTic (AwnlMoji 

Tr<T |]Dm3|»ine (C^fiditu j»rvkmMiii3) ^ ” 

UciIcBii tri^t pwupinv I CarttrlfTit mc^r 

Cqjpu iMff^nMtor 1 

C«otral AinrrlrBi] |Uft| 

jirijTii ^ 

^iKity Bffdutl mer^vpfwr^ V 

punc- 

FanpiMR t.Dfi»vP^itft puBcfifi? 

_ ___ 2 


Aiarn'i anr^iiEt iils*vpfw^ln &saray„ 1 

TrllililflHj iBontl (n*#|^ipF^Ffa rKfrnirfa). -S 

i-aDip<s] ajfABrl 

JiL'I/rf 1 

Ohltii^ pisr ffTflirl# pui^Uli* I -2 

Cnll^bBrA (IFy^picMrhuriii J_ £ 

fji^Knaj'nA 

r>BR]CBrlc rabbit lOw^^r^iTHiP cnnlr^ 

_ ir 

FOEYTATA 

\ tDa-baa dM ftnnadlllifi {Aafppui ire- 
fYMcHlatilai) _ S 


pmiia'tEii 


Gnir ppiflfr mrtnliaT peoiTnJirfli _ 2 

]LfrEifnAn apldar riodIecj 

U^UMi _ 1 

cs![iu^lilD <0^fl!iia 

4*iitpaHHUi) a 

W4^'plta4£ i:!a|KU>G]kla |rrbu» ^ 

lirawn cnpisrtila 1 

Oalada ^iHHkD (TAaraplfil«PKt oV 

arGjj-B#| .— _ _ 1 

Cba^^nni (ftapie 1 

AuDbJa bobo^D fruiplo ir^rKirpJk4lHa^_ 1 

Kapt African tubocD (i^aplo IlkfffMifj)- t 

AfaDdtiE^ OMpfD 1 

Ikrkit (iMpfq IrM^hamwi _1 

Uopr DLE|<«iiaa (iTirJiPjrfrAmia PurarHal . I 

liArbqrj BiH! (iSiinia 2 

mBcmqua iXfucaoa ftt^ania)- 2 

1’Ir talb^ iDBDkaj (^veeta ncmm- 

*nap> ^_______ t 

ISuraiiiap Bi.BrBqDe lildnafB dri4fifiTiit> 

mra^ij}__^ _ _ 1 

RtirpUff inc^allaj rhHMaJi-..21 

Crabraallbi; (aiB^arnaif (Jforfff'a ^nra)_ 1 

Jar BP ULflOiiiitac pwraTflffl—_ £ 

BbiClh [CrmccAida oiar^ 

_ _ ______ 1 

C^tJr manEblKj {Ctrjnmcvbu j 

Koaii4) ^__ __ 


m E uiTEp --cpntlauni 

ITnETCisbprk'B mtas^bey {Ctrcoec^MM Air- 

____ 1 

WMta-»JUfad bAuipib^j (f 7 <»rrw€bHJ 

_ 1 

ralBi DiOnkcj i.Efyih¥vcebMm jj 4 ilaj|_ | 

Grwp icuEDaD (J^iitjpppq i»rlifHcAqa I _ B 

Varvet ^aooft \ LamOtppgQ pj^i^rr^lArP) _ i 

IfgOq fcopfl 4 

TEoIowhj rucDDD (/jfltHfHpppa raloirdp)- 1 

CblmiMiniw {Pan ib^^wJ______^„^ | 

AjrriUtlACTTLl 

Wild lKi*r jciv/s)__ J 

Wart boa iPhacacharuM 1 

Collairad; Pf<«ar7 (/’peod qiipBlriliipp^. 2 

IlIppppPlaiiLua <ff 4 ppopQloB^ii 4 amphir 

^ctrluD ramel (C^OHialHi baefr^crniu _ 2 

Arablao ranal (6'dnifluj t 

Goanaco CLaata puBatootf) A 

Uaraa {Lomb j^J^oia)a 
Uc^ndoar (liAm^ifi^ iBntfip4iPi )■-u—7 

FbJIow daap (Ufljma tfomo) 7 

iLxla Jaar 3 

IfOf^ dear ^jf^lopAu fHH^HHJp b 

SattilMr IJtiMd 2 

Oarajlajiha f IZjji^f'iiLt darqKCTil4____ 6 

flurraeaa dh?r <ArB4<^mu J 

JapBjBaws deer iRika la 

Red d«r flapApi}...^^__ t7 

Kachmlr drr^ (^arra« Pkoapfa)__ 2 

Kad^iknl dear fCfiTw# toM fftopjvpqj p It 

Amarlf^aa alk I Cerput a 

T|p|ij^|q|K dwr tOrfowllraa It 

rnnacDa dear (Odoraffaaa cAfH^rHfHala'P- 1 

£.t lAck-tftlrail datt <GdH?Qitauj cv Iambi' 

__2 

irlf^iboii crfivKiqiiar«f dJtii^raPM>___«„ 2 

Whlta^tallH] BTkD pnoai). i 

tlrtndlHJ (Bu (CoappaA^fdi j 

Lcchww Ifkttor/vpiMi fprAaJ_^__ I 

Siibla auralofi^ (ff^hc-araa Riparji^^^ 1 

IndlaD BDlclotlv Mnrrfopf 

NITfial {Bojafap^qj trqp^ocvmffqa)^^. Ht 

Eaat A^ltBn claDLl ITayr^lrapiu qr^^ 

ltplHpiloHl|)t __.._ 2 

Ali)\io|aiiL eoa t 10tAimridj aiPirHconHal ^ 

Tabr (f/mllrapiu /tiqfqAlraJl — ■& 

AlpiDp IbPi (Cdpnl 2 

Opfll (GPpni Al^rriMT__ i 

Aoadad Mwmofrapita A 

HofhT Moat]lain whttp (Dria oobo- 

__ 7 

AriiDiLa raotiDlalln ribpap IGt'li rqpq 

dmala ffti UJqrdi) _ 1 

mufffpiopil.. A 

Horbndov ali»p (Ocia onTpa)__ 1 

Oraanland! inBalc-oE lOnlboa moia^afai 
trardljl___,_, —, . . 2 

Uidiruj)_1 

Tak ( foPpAflyTii pTNflakrRP)___ A 

AmcrlcPD biflOD iBEaoa Mioap^_in 

’•rvdloD bisBito iBubiklia frotaliap . . . tX 








































ItEHlBT IK&XlTttTlON, 


E^IITHODACTTr.A 


li^lnocfn^ Witxfot I 

Mnlnr Inpir 1 

Pl^xiUut lapEr 1 

lmt^l■1^ laplr (ropfrribi IfilnflfJ_ 1 

ifbni iEfUiui |fninil|. 1 

Gri'^r’i retira J 

Jijrhrtd (KfiiHJi ifTfflj/i jpn- 
___ ___ _ _ _ \ 


t'ESJ »Bf)pj|CTrL4 -=C4Pllndcd 
Z?brEi^fl» tfcS’brld PTE^t'pl- 


__ I 

PBDHiaCEPM 

AbrmilDlAik ctfptjajit flfrf- 

i-ana. __ 1 

&uikbi|rAi> (•Ic'pbjuit fl7lf|iAiki tMmmtra^ 

__ 2 


fiikog 


BiTTf.® 


A JiHKHtrOBUBa - con UaiirEl 


^iltb Afrlcnia osErtcIi K^frulAb wv*- 

IntlfiJ __,_^_ 

If^Bintlliiiid cetTlcb ^Stmihio tn r^fpFjtf^ 

|7llfl«£l) ___ «_- -. 

^SUblBQ t^dmrluj) _ 

Rbrii i ithiha 4nrrlfflfia I ^ _ 

^cSnler’i rAEWwinrjr (CiHiitfriui pkt- 

-- -- 

Emn dor#Apf|rtn^i!r)_,_ 

KJ«l niop|H!|JO^^__ 

oiroTnitiDH uiiA 


AlucflrniJ wMte pwlkna f 

4M^|Ar^rlrjrqrA«^^_^_____ _ _ 

FUrol^rnn white pellcaja 1 r^lfcirfi iri vwor 
_, 

ItQA^ut* pt^llc-BP ^ 

AttflraUan pc1I«iii rl'«/{^MPlrii rnn- 


Itro^n twIk'BQ (frlMiapai 
fitNjI^___ 

ercUfftr 

Florida irarii]ura.iit iPhnjncfcn*r»w 
rflpj riarid^iiati j i .. 

iln ELbrt f Kata balJdJia 


4; rent white heron (Anfre 
IflJljt._— __ 

UfHdrii- 


litM lirJwn filmfen AifrE34rff«>_. 


l:mn Mrrf^a paltiF^A 
AihotI^bii cxTct r^rtiv} _ 

Hkej<-crokiti«tl dluhl hri^n |.V|Mflf«- 

m# n^^C^ntiT Mn-fv4]i__ _, 

White itdrk 4'^;lf^alf^a iKi^p4dJi_^__ 
Illaek WritfTk rfrlmmid .. 

Lrwp^r fid}DtfiDt ll^^fn^fllp* laj'fTPX 

tt*^kw| Ibli fif^fcHa anirrlPdna|„„. 
^traw-dtvkcd Ibli 4plniE^ 

____ 

A4l^tPd IbN I TihriTiiJtioj'iti# cfi _ 
Hldck-bf-iicldl iMn I TA/nJtJw-Mjj Mfikrfd- 
___^.. . 

AbJitnilli.li 4 T'AfMtfEnriik 

pcnwi*"^ __ _ 

White Ible l^udrm albd)^^ _ _ 

S^'nl^lct Jbli < OH0f« __ 

Hornpean dAmlnpo f/^AowkviilfTv.t 

ffi*rtli|_ ■ - ■ - 


BJIHEBiropWM 

Mmllitrd fjnfli pfisi ftAJ ,__ 

Blaefc duck fA>tH rsAHji*fl__ 


2 

I 

I 

1 

2 

I 


7 

2 

S 

2 

A 

4 

II 


2 

1 

1 

2 

40 

1 

1 

] 

2 

1 

2 

;i 

4 

10 

4 

t 


12 

13 


AiurlntlLnb h^nck du(± (Anat topfr-^ 

__ _ 

GjLdwmEI C CA a H fefd:a Rfliiiw # frTpnFii#) 
Fkleated dutlf (S'lrurric 
Earope&Ei wIiljjcgEi iUsftca ptftwhfitj, 
Bihlpple (Uann^a ^___, 

OmQwIjiRed leal (A^cilfua cor-cW 

nep j e J, _, ^ „ 

Eur®p?-Bfl teal lAcirrea 

llulltnl iMiJ (AVfffuji /umnnhlKn)_ 

UlUe-winretl tefti r9umgH€4pfu 4l*- 
cofi) _ _ _ _ _ 

Gftnpfcne^ iQurrqucAuIn ^tei^ikcdilu). 

Sbuvellcr <<^puttila Hn^itfPV.-_ ^ 

Hntill tlHflta emlAl_,«_****^^__ 

Woih] iluck tAis apau^ia)--—_ ^ 

Clauderln duck (HepilrhacBjfl 

rulalu) _, _ _ 

dfluvaabikck (tfarllB rf^lb^HeHal „ _ 

Euni|KfiU pgchud iJfortlfl 

HWfbi'Ad CVii^n etnrripnnn}^^^- _ 

ISIb^ar'cked dq^k (IftmEa r^llarCi) _ 

Tufted nlqi^k (Ifqrlld firlfpHiej^ ___. ^ 

L#'»pir WiUJi dbfJt (J/«IH74 i flflfulji)__^_ 
Umkr Kuup dui'k {Ifarfla iiwrrfrtj__ 
Hiu^r-fallled pochard ll/ftoplorttt pt'P4- 

fum) __ 

E|t7pl^ik f^oe (CArflalCfjicj 

t4«if#>^«^_____ _ 

ttplqitd £i>p» IdAluPfiAai:;? Icicrupid 
ITiLWHELtn ji«»ae (?^‘c4aeliea Jtflndi^leiii, 

4it} _,—, ___ 

Snow pKiPr' I Chen hypfJ^^jrH-u.t ___ ,„ 
limiter mn^vf imab (ifAm IpprrkurrHA 
nlrallal ___ 

Blue jtMW <^ hen PirnikifTP i jZlIlll 
Whlte-f«suti?fc| 4P?u«e IdrMcc 
AuH^rirAik white fronted ew<»C Mujrrr 

UlU/ceHe pflwitcEi^ _ _ 

Ikab VUUM lAH«rr ^bdEij:i_ ._ _" 

Pluk-fuDtrd k™« (AiiMcr AraeA^- 

rAjfHcAHii _ _ __ _ 

bac^hMdea i{>ue (fi^Hldbck Iprficul™ 
Cntutdn PP5UW (IlfWera pqaiiilrt#t#^ _ 
ITutchlan't rimpo i/Tnonfa 

AutcAEriifl) _ _ 

Whlte^rb^pkt-ll eipaH iRrcnta 

oMirnlQiU I ___ 

CpchlluR jfiijepo tfiruata rapn-drnjpU 

eiklfMd k.___ _ _ ._ 

B»at i^raeip Aernkla pluupiffutftrwl- 
Biraerk BCHi*r (ftroara ^__ 


2 

2 

2 

4 

11 

4 

ft 

1 

ft 

3 

IS 

10 


12 

12 

S 

11 

2 

1 

ft 

ft 

4 

ft 
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2 

10 

2 
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S 

ft 

14 
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liEPDBl: OP THE BECHETJUIY 




BUtFVHU EB-CODtlna^ 

S|mr-wJit|:^ PMM-^ CPIfCfrepfrrNJ pen- 

— 1 

^luH!VTr doffe (CafrfAO vtHchala)-^..- 1 

PlfiX JCOOH Mninnffnai *€ml^armdJd}_ ? 

lilArk-b^lUrd liwe dark ( Dek^ mMytf 

l^rLon'ff Irw duck {DcHrrfrurf £nid 

rvtonil _ „ 4 

Mui& hW^Ei IC|filnn4 pfbfrw43 4 

TniUifH^lEC iFwan tOlor buceinatorj _1 

iyiil»ll[iiff Mwan (rifor calu irttrla-Hitt} „ 1 

Black aw^D faArqopvii ^ 

rii.cQ^iFpa34£a 

CallfiOralA ct>D£ti>r hB~ 

^rjrubintii}_—____ » 

Tutk4fj irultun* ^f.'afAorm avrn)^-^^ 3 

Blkfk THltarv <C?4?ra(nj^ ambul- _ 1 

Klntr rullure </^arronffMiiAiiir papal_, 2 

Srtfrtiarjr binl (iTd^iraHii# ier^pctfeld- 

Giifrc^a ¥iil1iEnr f>0ffP4 1 

ArrlcAD l/ldcb valture iTar^M Ic'i- 

^hifU^iuw} __ 1. 

Clyi-E-iViUI VUliUfi': mo^ifil- 

t’arai'arn fi'^Yyfraruj niAft-fFity I 4 
AV4-t|;f«'Eaflft1 ivrIe' rOrDO^iuE 4N>cfKr|_ 2 

Oolilcn caclc (jl^ada chrpMlUmy __ S 

IVIUtC'h'l] [<r4 oefli «isle iriiBcvma 

t^pj^oErcr} _*_- *__ 2 

Bjtld H'Aflr (/Ivitecrat IcvroccpAflliffe). ■ 

AEankjifi lml4 cajs*r (/laTEifrEN# lcP4r<t~ 


Ccp^alNi n/aEEXiBH 4 j _ _ _ 3 

tSrvAd-wliiRfJ liawk iHttUa piaTpprc- 

-- 1 

firtl-tAlM hawk _ , I 

JflnHlTtrt red tall iBatro horeali* famai- 

ccptfc) - - - - - - - 1 

F^pajTDvr Imivk ^p^rPcrfifirl _ 4 

tua^AmuuM 

- CaruRov CCru dgii&rnicirtd — — _ 1 

ItAECif-btllid rUraPkoir (Afflu silruj-^ 3 
i^rticlfllw (PcPh-l&pe t^llcfgitd I 1 

Guan ^ilfrcRfrb)_ _ _I 

Cbachcilaea |Orfaff« Tcfutdl _ 1 

%^nltaring faliL^d f&Trt (Acryltfum lui- 

turfnuEv) _ 3 

Peafowl (rare c«-JA«fflwr)_ JtJ 

PracOck pkcaBBaC (Polpplcclinpa 

CflrlDJNMl _ I 

silver [iliciliiant l^cnnomi 

t^df AmlierTpa plw*aiaHt (OArpjeMa-^ 

pAua diHhcfPf-to'l_ 1 

Blujr-Drrkcd pliMitant <rA<ulaqiiJ for- 

_ _ _ 

Batiwhlte (Cari^bi 2 

CiDibel'i iianll l 4 ppAgrfvjr puinbeifO 1 

Valley quail (Litp^w^va <nd|J^i>rnted 

cvinif^Ttfl_ 1 

Spl<d qujill ICaflr^plg p 

lldueha qualt Moald- 

^kwifU _ _ ^ 


uaLitrcpktfci 

Eoflt lh4lBU IfkllEaule IFarpA^^a cn^ 

Bak-eko (Por^A^o dfualrvH — _ I 

Black-faJ led Euwir h»'U (iffcToIrffraapE 

v^ifCiU) __ 2 

At&crlcin «Kit IPulfAi ifiificHrQaF>._ 1 

South iHloiid wi^k* mi] iOcKdromua 

daefrtaliel_ _ s 

l^grt^wlnxifd w^ika (Ocpf^mMtf■ brdu- 

AkpCcrtMl___ a 

Earl'a Wfka (OCvdronu* rarU)^_^_ 1 

Ultle Lnwu craue lOr^i CFNadcavIvl^ 4 

Whlte-aeckcil emu^ (flriw IcuL^aeAcnl 1 

ladUh while ctBoe (O'rhE 

OBEIE}___ J 

Lllfcid'a craue {Gm JHfor4ii____ 2 

AuJitmILBn ctuae (Graj mbfewadof^^ 2 

Ilh-nipjAellr eraoo t dm/An^poidm fi(rva> 4 

Crowned «am? f/to^corfea pKiPoaifiiol^ ] 

Ea^ (fi?Ap4iOEAftuA /a4aluj>_—2 

cllRajnai ieoji nxm 

LapwlDji runcTfiul_r^-_ 1 

YellQW^WAlthid lipvJQf: {^u^fcortellKE 

__ _ _] 

Paclfte 1^1 (G^Aiottut J 

Great lilact-haeked cull (4omE ifurf- 

EJerrhitt xuU {Xorw orpi-wf atiiE)'-^*^ 
Sllerf KuU {Lfrrmt HOntAo^and^p)--^ 
l^-uxhlaf gull ILoruE ^ifrleftfcrJ 
CreWDrd pIxTcn (Goarp 
Vlcloda crowued plficCa <Gaum tlc- 

fop(a I 1 

Auatrtllaq created plgvOU tOckphupi 

IdpA □feel _, ._ 4 

Bfonie-wlas pLtfron <FAdp.# cAsEcop^ 

Unriqcieiau dove iOitUiwIutnba rabe*' 

e™j--- 11 

BEredLug-bcort dore (GarUnolon bs 

iHEeuilsq)^___ 2 

lYoDga-wnnxi pIjMb ]L4wcoi<rrcia pf. 

___2 

IVoDd piRtop (CroEunhu pet^amfruRj ___ 7 

Uoarhiug doT* (^Mdlcfana marroerp} a 

Wblte^frouted dove l4cpr4>t(Efi iutvt- 

•rnstrfe br^A^pfEi^ _ 4 

Nrcklacf>4 dofe tSpflo|KrZid 4 

Zehra dove (G«ipcl]|i EtHaZol_ 0 

^ahouMerfd dflte (Gcojicli^ Awme- 

rgliei_ _ _ j 

Incu dove Clfoardafeltd fnea>-^-__ | 

Cuban jpviand dCre ({^AinaeprHa pd#^ 

MtrlHa u^qpfdfft___ ... _ _ i 

Gr4?cJ3'WJneed dgro (C-AaEcopAapE fa. 

rflcaj _^_1 

Eluf^Hl lunledoTO {Strep repch'a ri- 

aeridj — - __ 

Pralt pigeon |4ginprDtfwaH iKperbo)^ 1 

rifTTjictEdiEiiaB 

Kefl i.Vcjlor wjHofrma) _ 4. 

Uuak lorikeet (GloiEapEtlret euttOfnaal . 2 


K d &: 
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annual, liEPOHT SMlTtlt^ONlAN INaTTFUTlON, llffll 


PS nr-icEPLAsi mi—nialkiiUE-d 


(C^aE«ptlff0 

R0?w*4t* nhdiat40 rL^eiea- 

BsrE^jHi cockBfDO IKcrkaftK i/'jm- 

S4p{N]l _ _ - 

U-A4be(itpr'i nwlfintw (JCtftitfM tftfrf- 

IkS Jrrl) - __ 

PblllpplDC coctiLlDO {KaS^toe Ri«kib^ 

Isrgp^iria >. ^ 

Whllfl HSfMtM' i[iltabafoe 
SallKti'qr-a^lt^ 

Onnt tM-cmit«l cockstoD 

mQls««M£|)__ 

'CdiflD'B mstisif 
MrtkArn misttw \A.t^ 

mncuw <4rg 

BlDE'-ADti-jeltuw issniw (Jrra an^ 

roif Flfi > _ -—-- — 

[InJ^Dd-blsc^Bttd J4^ll4w BiLCAir {Ar^ 


Elsbtt'i papliw CDfejpJili^M MA«(;k- 

Wbll^pjMl i^nMiael (Afv^fufin IrsM- 
^AlIpcfHiBjl --- - 

PBEiiqbKt C^BprCrfHfa cantm- 

taHi)------- 

G4ldii7B-tT4impil pArpijun 
qh/ai y- 

W^rfd^M'i fiarwgupt ^AiiptlkyEfl 

dtUm^ ___ _ _ _ _ 

HlBif-wlsRcd jwrrbtli’l fJ^Jlffartfla jim- 

ClpId^S rar4<]i!H!^t |ltnala^crE* rAn^iA- 

Bf-m a } _ --w^-^ 

Hanqopt {Bni^fftriM iviTvl^arftl. 

psrifeqDEt {ffrofo^nrit 

Wlteiw^nfl[i«il paftst {AmazanA dynw 

paybdltil __ 

H^zILtj parriiil (^MirMna 
OnmET-vrlnerd pflTfbl {Amaxmm ana- 

£0411401 ^ 

1tliie^fbbsl4Ml parrel iXmAioM tfcCIrd) 
Urd^renanJ purret p4ri£A^ 

priiBlb). _ . ^ ,- 

IloObSp 2f^1IPF-bni1 pqITgl (Hsl«df«tto 
erntp-itf) X-w^ 

TEJIow-bradnl tMirrtst (jl«rt£ciita K^Aro- 

l''ri]tkTE parrot iAwmBOM frarlra}..^^ 
t^var nhl EE^froBf parrot (Imarrao 

ilMfrpni somb) ____ 

Safile DenifiRti PBfltPl (jlBfBtona 

rrwfnaJ^J — -. x- 
CcdiBs poiTot (dBidroflo ksp»- 

- --_____-^ 

kCuklmlltiio'B parrot « 40 ^ 

doaly parrot <PI(hih4 
7 l 1 tir-h«Jld 0 d parrot I^jF^bbiu 

atrooa) . 

AJSBJieblas i^kgut «BfAa- 

n rrJd) ^ _- - - , - , 

t^sat&r ¥Bn parrot iCSrrAsQp4i4 alp^o). 


1 

2 

6 

1 

n 

Id 

4 

13 

t 

% 

4 

1 

3 


i^3TrACtroHii.ui—^contlpfifd 


Creator fHiB patTDt 

J _ 


(ComioapwlB 




I’onoAot^B ponniurt {F^Pi!|^rvrOUa 

ctrpBriJik _ __ 

BoBPlIi pafpqr^irt {rFar|rerri»if at^ 

niAtk tioltrd piiroqutt P»rf- 

Bsirrak^ __ _ 

KId^; porOdb-oE (Jiprooni k<fifi c^Baepp- 

Crlionwa ^ Tripled pareqiirt f^Jpii^ifiktyr 

rrpihrupjtrm*} _ r,x-.-^x^x^,-x.x-*i^__ 

Itl-nE-nocked paroquot ^COiiorva i'orqaa^ 

iiui]|^ _ _ 

tfopali^ pAreijLoat (C^enursi nrpolct^ 

*U>-__ 

Pblllpplne ttOcB porrot {raapirndlA la 

lurJancAolty_ _ ___ 

OniH pareqciot (Ji rlDpafUartu pp^uia- 
tsik ___ 

cou^iiroauia 

Olant klncQabcr (fidt^efo pfpoai,^_... _ 

YelEDW-bllled borabEll (Laphdnrsj tey^ 

cemrlsjJ _ _ _ _ 

Morepark owl (^pElo^Jjiiu yjoroBecl- 

andbfl) _ __ 

Barred ewl (JSftrir rarfylk_ 

Sddw;^' ow% I.Vfe^cM apdtrd} _ 

Screctb ev1 (Ctaa _ 

llrOAl liOrflcd owl (ilyfiti rHIrpIdidiiiii-P | _ 

EaiJe Pw| lilNb^ baAdl_ 

Atarri^b bum dwI ITpJo prrloly 

liftoaroj __ _ _ ■ 

Ariel toucaB (JCdHtpAdalci 

piaaKBirDaMEa 

Cock of Lbo fOck (I^KFlmo niipfcolay__ 
Bflw-ratrd blU-tll fjtfe«la ffrpmEdu. 

pIb) ----- _ ^ _^_ 

tlodbllted kill lit ILIotArir 
BlAek-SOT^Oted lauuliinjf thrmh 

ralAr prrfomKi}_ 

Wb^eared bdlbnl (QiocoMpan Ituf^ 

Rr4 iP«rRl Liittiul C^topoM^^a yc<o*o)_ 
EarvpesD bldckblnl (TifnfoB airmliri. 
PIpInp rfow abrlkc iQimn*Jfhimti 

rc«i __ 

Falla bower IjJnJ (J>jifiMOrA^rAai rto. 

lOWUBj__ _ _ 

E,arflpfaa tati^ iCiTorrini cAfmr\ _ 

AtialrallBb Crow ICorruf Cofoaolift-it | _ 
AtprHnn crow <i7or|tyj AfTtrcAirrAHTiI 

i*M K-. ___ 

itfljEple iPim. pin Avdiowleal " 
YucatBO jaj (Ci-Bjkpa, pmM#VskoJ_ 

Bl«0 iHjf ICpanorfUd ofiifoto)__ 

Qrwa lay tdrAolkoyro imrsoioj^I__ 

Auatraliaq my Inutpet |«lriiiAfif<« 

rfserodj^^__ 

Jliiarllbr t^^yrauB cbFpnHij.^„__^^ 
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£h]Eihn£ fftBtllPff (iiflffifriHwroa Mcfsl- 
fEem))_ 

LBJrian idath (TaT«if;|r74 c4ni'dnT][___ 4 

CrLmHn tBaag^f \£HtmpkDeil#M 

Il].tj4 tBAfLe^r (TArvujtiB rand>^»-.» I 

l^arAt^iu wlafEiA^ jmra- 

- Si 

Shaft-tmlCrd whydAb (T^rnmura nf- 

0d} -- , , -- 2 

Xnp^lcan WFft¥er (f^t'A^rlund 1 

wiflvcr 1 

MAd^^WAr wm*tr {j^oudia wiodagaM- 

E?tEnfirn4lB . .-a.*--.^- 1 

Hdesa wubEll fJffdHMs fMiHrEte]- S. 

HOtfiy tutai»<!Hj BfAibiU (ie»frfldo rAoda^ 

Nutmrjr flnirb (JTyn^et pifncrlul^Tt^)* S 

Wbltc^h«dcd HDD tUtiflia noijhi)^—^ 2 

£tUieh^b4>A4l«d RQ-a i^tinfa 13 

Chratnat^brcBB^Inl flacb (JditRfd mmtah 

- 4 

JAVA fiiDcb (J/nnis or^j^ F4Ftt >li 

Wblt^ Java bEu^li fUHnl^ orvffvcva)_ I 

MABki-d fm«t41n«b pd^dM- 

fsj_ fl 

(i|4 ck'fttcd Oduldliin Anch (PorpAEIfa 

GauEAUlji flzidi iPQ^hifs 
_ _ I 

DIUlBODd fll3Cb (iSIICilClitVpXcliFV gu|- 

tprn).._ _ _ S 

Ztf-brn Anrh {T^rikipj/pXa cnwitinfitU}^ IT 


AlIlcxCDr (AlU^aior pn4fH4vl^i4^n4(iV^^ -iS 

IVater dingAD i Fhp4iffHathat teiMuHIl ^ S 

ITdriMA tMd corwurMin^- 1 

GIaH niBkfr (OpAliam# 1 

OI]a m&natv^r ^Hfl^dcrmv iB¥p^r(i4n>^ A 

Ikiold'B idanUdr (l^^ffrapAi pAulcIlfJ-^- S 

l^Eue-icnf^diKl lEmrd jrei4- 

eMw't __-_ 1 

Hoirk |>jrtHob {Pt^rAiiHi wmfuruM'^ _ 2 

pythatL i 

Ab4iM3}ill4 :rtRri4lU>„ — 2 

Hiaa ccD^tFlelDr E C"ojiA|j-iictii¥ contiH^ 

llliirk kbAll4 ^C^iubif t 

Blew raeer contlHctor fiavi- 

(WBfrli)__ B. 

OoBchwblp ■bilk# lOdluber /faptllHnj. 2 
{Tbickim Bokk^ l^fqpAr 1 

Corn ■RAkf ptaiffaray___ 1 

PMdt blncksDikc iiifaphr pk«f^lctdj_i. 1 

PEab make ( PCt4bpb4 m rldadlaiiafi) - 4 

Pull ffDAka (PituOpAI# Bsvt)__4 

Wi^trrq bltll pHJilEt fPiCKdph(f 

n-jitiJf ttbkka (.Vdfjifcp 1 

^Veaterci w^At^T iiiLktt {Xatfix tippdtm 

--—-- J 

HaTtvT E TAiiiRKqpA i« «lrcali«|__ 1 

M^ffllrrn dlamgAd rAtttetPAkv (CTydfaipu 


i-A ABisiuroftii cemunof^ 


Cnttbr^nt nn(!b 12 

Ri*d-b4Bd<ed iliicb (Avnadfna tfnfCAFvnS 

pAql4>--^----^-..-— . 2 

EIihmI^ orlolv cw:4vIXhiI44)— % 

Tflldp-tallBd arldtfi' EftfEcnM mrMomv- 

104} 1 

iUrplQ ETH£kl« i;K(#rHJd).w ^ 

Gts^bAbcIi (CAlort* cAldfJil ,- 3 

Enraptab KgldflUcb {UtirdMcm partfa- 

«lli).. 4 

UrAuiblfr dsth tJ^jntHpilXa NiiiriYi^rii^ 

irWId)^—-- A 

Vf AourbjuniQCT (J?ih&cti1jb cIMhcIIb}.- 3 

IE gnat Aberb (Cafpoda^j tHrflcan iit 

frqitoKpJ —,-•-—- 2 

Saa Lqm boaK fln-rb {COppdddPUl 

MdJ^fWttii4 bmSjMif*)_3 

CiAArj Ef¥ti^Hn4 c4iHbpHb4)^^- 2fl 

Qnjr FlbEtriE' llach l^w^py- 


JSlAtiHKJlQreid JbEiHi E^uiidg hptmaZk)-. I 
\f1i|l4'tb rdkfdd Bparrbw (fEciiqlHr^ie* 

oXAIpgllE^I __ _ 2 

Snn Dle|;« hid^ iparrow 


Mdtddid 4»qpn^^_ 3 

BalTrgg &i>cb (i^tnlXiA lA 


flwd BAter liRppn*iiftila puf fMinfflf#! 

NqbpnniU <f’Eii!iert4d ctrU} -- ” 

Lfdaueber'A DODparell E/"4U4cHiia fc> 

rfgif Cbrril — . w - 

CArdlEutl {f^ordlPtBlij oonflmalfi) 1 

nid<H^nfit«d f^rdlDAl n^Hl- 

lata)__ __ 3 


f^sappln^ rurtle (DA«lp4ra KrpcalZtiq)^ S 

ItDAfll^DOi^^A FflAppme lurlle (CA^Jpdria 

_ I 

^latk turtle EJTXubPffl-nob gd^rdlH4i}» 1 

Ulcxiciib Dbak tortlB {Kinoat^rnon Mty- 

PitWeMc) _1 

Bgtitb Aebcrl^An taa^kL furtle 

itcnng^A f»rp(gEdM> ^-- .. & 

renbiflvAiila muik tndie IlLfAatfrfHCH 
WM bnt bmiw) 2 

Wood tartle (CJkmnpi iAJCutptak._- 1 

JkiUtk AlfiTlirftn l^rtflplb f .Vtc^rfd pune- 

_J 

Painted turtle fCPkrvimpf pitta} _ I 

Cn^tgr (rueniletn^t __ 2 

C^tnl AiaerlcBD «Ooter tPfxm^icmp* 

amalol ^-_-. . —^_.___^*^_* 2 

Oopber lartcilu | OopAeruf pti Zpf lAr nairi \ ^ I 

HaoedD [hIbemI tDrlqUe rpMp~ 

--^-.---- I 

lad^rktlsubla laJand t^rtclAe (refEiidp 

iwrtrrip_.____ 1 

AlIvttAtl# [alabd tartq|B« {^ritiiifg vt- 

emal - 2 

S^ttlb ABi4r1<^BB tartblrt (reifiJa rfr*- 

HeiiJa r*) __- ■ .. . 2 

LguR bKkcd turtle EC^brlhMnff tongiml- 
ll#)_---- -- 1 
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(STATESIEKT OF THE COLLECTIO-'I 
Ac€CMStona difKnp 
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All bill! Is mi luiiid Juuc aOt l !&^4 ________ 1^1145 


ClM 

?£wdH 

1 iDiit^rhljlAli 

)4munik„,„- . .. . . ._.. 

irr 

STft 

11 

4M 

l,Mtl 


T«ltlli IftSi.. _ ........ 

l4i 

i.eu 




VlSiToBH 

Altettdunce rcrords cxccodcd the previous year ^|1923) bv 49,452 
and were 4^,043 over the record year for the park (1D21), The 

total number of vuiitora, as determined by count and estimate, was 
2,4^2,880. Tills makes the fifth year in succession that the attend¬ 
ance has exceeded two millions, The greatest attendant.' in anv one 
month was 852,425 in September, 1028. 

The attendance by months itas os follows: 


192;} 

July----- 2ffl), 400 

Ausunt ...2TO. «» 

September_*_.".{12.4221 

OcmlHsr._215,075 

Korember_114.210 

December__ 111,000 


1924 

Jniiaor}' _ 

FDbnmrT - .. _ ~ 

Mnrcb^* __ ’IIT" 

April _Zr_. ’■ 

May__ ___ 

Juue_ ... _” 


73.440 
93.283 
311.2S0 
313,ISO 
2tt).30T 
199,850 


Schools, classes, and other similar orgimiKations visiting the park 
during the year numbered ICO, with a total of 15,100 individuals:. 
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It is iDtcresting to note the increiis© in the nuinbcr of visitors to 
the park in the past 15 years. Following are the attcndunoo records 
from 1913 to ; 



__ 033,520 

mm - 

_ 

1014 

___ 733,277 

13^ 


lOir; 

TtH fiSfli 


______ :L4D0,S:tT 

mift 

ly 157,110 

; 1922 __ 

2.104.254 

1017 

^ .. 1, loetaoo 


_ 

loisl”™-,,- 

__ l,riS>3,227 

10^1_ 



mPJj!OVEi£ENTa 


Work on the new paddocks for hoofed ajiimals neiir tlie Conneoti- 
cut Avenue entrancre, described fuJl^"' in the last report, was finislied 
early in the year, iind tlie 11 yards thus provided were all oceiipied 
by nninials in the falL The superior arrangement of these paddockB 
for the caro and exhibition of the animals has been very favorably 
eonimentcd upon by officials from other zoological gardens, and the 
pleasing sight of herds of animals m such large inclosures is greatly 
admired by visitors. 

In late winter tli6 bii'ds were all removed from the North Ameri¬ 
can waterfowl lake and early in the spring the lake vvag thoroughly 
cleaned of silt. The work was completed so tlmt the waterfowl were 
returned before the season for nesting. Tlie sewer fi-om tlie office 
and stables waa esteaded to connect with the Rock Creek intercept¬ 
ing $ewer, A new sidewalk on the east side of the road opposite 
tho restaurant building was oompleted, and roads, and bridle 

paths throughout the park were repaired. Two old boilers in tlie 
central heating plant were replaced witli new boilers of improved 
pattern, thus considerably increasing the heating capacity of the 
plant. 

The usual repairs to roofs, gutters and downspouts, fences, and 
cages were made and much of the ironwork was paintei The old 
metal awning frames over the walk around the bear cages were 
removed, since these unsightly frainos w'cre no longer needled, the 
trees now providing ample filiade. Work was begun on the ware¬ 
house for new or surplus aniinals, approved in the ta^t plan of opera¬ 
tions. Tliia long-needed structure will be completed in the present 
year. 

The most important improvement of the 3 ear has been the com¬ 
plete reconfftruction of the central refrcsliinent buildings Tlw old 
restaurant was found to be in such bad condition that very little of 
the material in it could be used, and in order to provide the new 
structure with suitable foundations it was almost entirely vrreckecL 
The new reMaiirant is built chiefly of chestnut timbere silvaged 
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from the dend trets in the rohervatton, and adds greatly to the ap- 
pennince of the park. It was leased to a competent restaurant man, 
who opened it to the public in April. 


TUFOKTANT HKEDS 


Exhihiiion huUding for birds, — ^The outstanding need of the park 
is a new building for exhibition of birds. As pointed out in previous 
reports, the old bird house was built as a temporary structure many 
years ago, and is now not only in bad condition and virtually beyond 
repair but is so small that only a part of the valuable ooUecLion of 
birds can be exhibited at one time. The public space ia, furtherniore. 
entirely too restricted for presentday crowds of visitors. The col¬ 
lection of birds is growing in importance and value year by year, 
as rare and unusual specimens from all parts of the world arc pre¬ 
sented to the Government zoological gardens. Public interest in the 
bird collection is very great, as attested by the throngs of visitors 
that fill the old bird house, and it Is greatly to be honied that a new 
building may soon be provided for the proper care and exhibition 
of the birds and for the accommodation of the constantly incrcasin-T 
number of visitors who wish to see them tg advantage. 

Fwids for pUTchoss of ummnfr.—Although (he Nntionnl Zoo¬ 
logical Park i-eccivcs numerous fiutmiils each year as gifts or in 
exchange for surplus stock reared in tlic park, sufficient funds 
have never been available for the purchase of rare aud unusual 
species offered for sale from time to time. A ropnssentative or 
well-balanced collection of the living animals of the world can be 
built up and mnintmned only by tiie purchase of eoHatn types of 
iinimals not otherwise obtainable, and opportunities to secure these 
(icsiderata must be taken up promptly if the animals arc to be 
obtained. Animals greatly needed to fill definite gaps in the col¬ 
lection are offered for sale from time to time, but the park is most 
often unable to purchase them for lack of fundsi. In additinn to 
increased appropriations to cover cost and transportation of ani 
mills, it is suggeste<i that a fund, to be deposited with the Smith¬ 
sonian Lnslitution and held for the purchase of animals for tlio 
N’ational Zoological Park, be inangureted. This fund might be 
increosed by gift or bequest, and could be r^gularlv maintaine<l bv 
an act of Congress authorixing deposit in it of certain miscellaneous 
revenues of the park now turned into the general fimd of the 
Treasury, the^ including rent of refreshment stands, restaurant 
ond other sLmllAr conees^ons, ■ 

Respectf 11 11V aitbmitteci 


Or* Charles D, 

Smithxonmn 


N. HoLLiflTKB, Supafifit^ndent 
fmtUuiion, 


APPENDIX 7 


REPORT ON THE ASTROPHYSICAL OBSERVATORY 

Sni: The Astropliyaical Obser^^aton" was conducted under the fol¬ 
lowing passage of CJie independeat ofGces appropriatLoi) a^t approved 
Febnialy 13, 1923: 

AstropliyBlcal Ol^servatory: Far nnaibtemii^ee of llie Aatroptiy^leal Obsen u' 
tory^ under Ehc fUrertttin of the SAlthaotiltin In^lttitbn, Indtirllii]; DsaifftaTir^s, 
purtdioBG of Docessary books atul pedcidk-alSi nppurntciSp making newssnry 
abfiorrutlons In lilgli altitude^, repairs and idtersUons of ballding?, and mliKv]- 
Utneoas ejjpoiisea, 

Tbo obser^^atory occupies a number of friune stniclurrs within an 
IficJosure of about 16j06o square feet south of the Smithsonian ad- 
ministmtion building at Washin^oUj and also a cement observing 
station and frame cottage for ob$erver$ on a plot of 10,000 square 
feet leased from the Carnegie Solar Observatory on Mount Wilson, 
CLtlif. 

A new solar observing station on Mount Ilartjua Tlala, Ark., was 
erected in July, 1920, at the eztpenso of funds donated for the pur- 
ptise by air. John A, Koebling, of Bematd^viJkj N, J», and this sta¬ 
tion haa been occupied aa n isokr radiation observing station by the 
Astnophysical Oliservatory since October, 1920. 

The present value of the buildings and equipment for the Atro¬ 
phy sical Observatory owned by the Government is estimated at 
$50^000. This estimate contemplates the cost required to replace the 
outilt for the purposes of the investigation. 

WOlliC or TUli YEAH 

Tllcre have been several features of particular interest, including 
the installatjon of daily telegraphic rcpoits from the Arizona and 
Chile solar-radiation stations, certain experimental forecasts based 
on these repoVts, and the measurement of the energy distribution in 
tlie spectra of 10 of the brighter stars. 

Work oi —As in previous years, the variation of the 

stin has been the main concern. The generosity of Mr. John A. 
Roebling enabled arrangements to he made for daily telegTams from 
our two solar radiation stations. This service whls begun September 
13,1023* Die results obtained in Chile are cabled in code, so that the 
weighted mean ptjlar-constant value, the date and hour of ohserva- 

m 
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tion, and its ^radc are all incUided in two words, Messa^s arrive 
at Washia^^toii from both i^tutions widiiii 2-1 Imuis of the actual 
mensurcuients^ and generally represent mean results of five itide- 
jiendent deterniiDations nt each station. AiTaDgements have been 
made (also owing to Mr. Itoebling’s interest and generosity) to test 
tlie value of the solar measurements for forecasting according to the 
methods of Mr, 11* H. Clayton. For this purpose Mr. Clayton has 
had a small office^ and one assistant near his home in Canton^ MosSh. 
where he receives before noon daily from Uie Smithsoiiiari Instilii' 
tion the weighted mean of the solar'Ccnstant values observed in 
Arizona and Chile on the preceding day- He makes his forecasts for 
3, 4, 5, and 27 flaya in advance^ and mails them to the Institution on 
Uic same afternoon. Thus we receive tlie forecasts sufRcicntly long 
before I heir maturity to make a very real and searching test of their 
validity. 

These forecasts for definite days relate to tlie mean tejxipcrutui ‘0 of 
Kew York Citj\ and are later on compared with the observed teni^ 
penitures und analyzed by several purely matbematiral methods 
quite independently of any bias of the computer. Tlie oERcial 
weather services of tiie various countries do not, of course, make 
pi-edictions parallel to thesct except in Argentina^ where such fore¬ 
casts are made by similar methods to (layton^s- Hence it is impos¬ 
sible to know* at present how much gain, if any^ Mr. Clayton’s solar 
forecasts show over the present ofhcial methods. Tlmt they do show 
some prevision of the event, even to five days after the solar observa- 
tmnSj is certain. 

Hitherto, however, the 2T-day detailed forecuJits have shown m 
correlation with the New York temjje rat urea. This is not at all 
siirprisiitg. Indeedj all such forecasts liuve to contend against giuat 
odds, For we recall that the march of temperature often goes 
quickly from crest to trough, so that even if a tnie forecast could 
be made^ and it should be no more than 12 or 24 hours off in point of 
time, there would be largo divergences between the prediction and 
the event IVith tho unyielding mathematical metbcids of verifica¬ 
tion this would greatly diminish the correlation found. 

A fairer test for very long-range forecasts is found in general 
statements as to the exi^ected departure from mean "normal tem- 
peratutes for coming moutlLs. Tliese Mr. Clayton has furnished 
from 15 to 30 days before the beginning of each mouth from 
cember, lS?2a, to the present time. Ho also fumishc^t similar pre^ 
dictions about tbe approaching week® furnished three daja before 
the beginning of the week in question. With few escoptlono, thoise 
broader prognOHiications have been fairly verified. 


i ThjiAkm UP di^ 19 iSd caiU^n SoeMr for of tSn* ^iiurtm. 
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On tb 4 s whole* therefore, althou^lk the results nre iis yet far from 
being entirely sutisfying, these esperimentiil forecasts of Mr. Clay¬ 
ton's are promising enough to arrant fiirther triaL Ncat methods 
ate continually being devised and tried in making them. Mr. Roe- 
bling has generoufdy arranged to continuo them until June 30^ 

As the work is purely experimental no detailed publication of it will 
be mad^ at present. 

XaturalJyf if the forecasts made by ilr- Clayton really represent 
solar changesj he can not succeed unless good solar measurements 
are supplied. soon as we began to receive daily telcgraniB frons 
both stations occasional fairly wide disagreements of individual days 
commanded attention. Wo felt 5t necessary, in studying the caiises 
of such disagreements, to revise again entirely the systems of little 
corrcetions to solar-constant values which have to be made to allow 
for the haziness and humidity of our atmosphere. Tliis revision 
could be made with more advantage bccau.^ much additional data 
had meanwhile aceumulatedp 

Mr. Fowls and Bond have worked over this matter during 
practically their entires time^ which, howeverj owing to fiirloiight 
Avas only about three months in Mrs. Bond’s case. A new method of 
detcrmlDing these corrections has been devised by the director and 
Mr. Fowls* \vhjch eliminates satisfactorily the inhuenca of the solar 
changes which Jmve occurred. Hitherto this matter of solar change 
superposed upon the small terrestrial sources of error which wo de¬ 
sire to eliminate liaa been very eml>arTiiSHing. Of course, if one 
could wait many years before proeeaditig to evaluate the terrestrial 
effects^ the solar changes, being inde]jeudctit or but loosely coimectsd 
with local tsrjiestrlal oncs^ ^vould be eliniinated in the mean of a mos^ 
of observations. We can, indeed, after scA'cral years more of observ¬ 
ing, finally proceed in this way* But wishing to make immediate 
nm of our results a new method of prtM?edurc has furtiinatply oc¬ 
curred to us which permits us to avoid the iiiterforcnce of solar 
changes altogether. Tlie details will lie published soon* 

As both to us and to the Chief of tha Weather Bureau it seemeil 
unwise to publish preliminary values of the solar constaut wliich 
later on would have to be corrected, we have diacontinuiKl the fre¬ 
quent publications of them in the Monthly Weather Review which 
we Ivave been accustomed to make for several yeai's past. After we 
come to a fully satisfactory basis of systematic atmospheric oorroc- 
lions, tlieso publications may be resumed. 

Of the two solar-radiation stations, Montexuma, Chile, has proved 
far more suitable to the purpose than Harqufi Hahi, Aria. It seems 
probable that a pliLce somewhat farther west and decidedly higher 
would be preferablB to Mount HaTt|ua Ilala. Violent storms occur 
there in various months of the yca^:^ nod the siiinmcr months in par 
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ticular Iiave proved very If 6nanobl nieitnd wei^e 

aviiilabte It vvoultl higlily desirable to relieve the station to 
another site^ luid, indeed^ a letter one is iiki^ndy selected xvhich 
would pi“cseiit many advantages. Tlie cost of mnoval would be 
a1>out $7,000- 

The sy^emaiic revision of results in the hands of Mr. Fowle and 
Mrs. llond has led to much improvement, as shown by the close 
accord of daily solar-constant values at the two atationsL For tlm 
period Seplcmlwr, lD32s to Jlarch, 1924, the Qvera|^ daily dlfEerencc 
is less than 0.5 per cent. In tbo month of October, 192.^, when the 
weather was fine at both stations ahiiost every days os low as 

0-2 (x;r cent* 

Tlio solar-cohstunt values have continLied almost witliout cNcep- 
tian below nonnab From l^Iarch, 1D22, until June, 1024, the mean 
ve^U for eveiy single znonth was below* the normal value^ which is 
LOSS calories per square centimeter per minute- This long-eontinucd 
defect of solar radiation may well have iircHhiced interesting elimatic 
effects It h interesting to report in this connection a letter from 
.\r. Antoniadi, of France, stating that the polur cap of ALirs b larger 
than it has been under |niralfel conditions for 70 year?!, and af^king if 
the solar-radiation measuremetibi showed anything untisaial- Nat¬ 
urally decreasetl solar radiation wotild ttiiid to pi-odnce tliat efrc<^L 

A letter from the eminent meteorologist, Doctor Bjerknes, of 
Norway, lo Doctor Hale, of the Mount Wilson Ob^rvatory. Ims 
been referred to us, and witli perm'i^on of the author is here copiini 
in part as an indication of expert appreciation of our work: 

I hare ttoen inteiTJctwl In the cstaMLtfhmf'.Di af a cnmpTcte ^Hr- 

viimiMilnr” weaLfacr ?scrvlce, an Lbis onlv wm give the fuU view of the chanalttg 
FstutsiS of the atmospberp. ThU drcuiopolar herrice ia now begin aing to b&ecKiue 
n reaUtj. The charts m&j (won more or lc!ia cover tho eiiUrc northern 
lieniLaj^ore. 

But tbeti another idea arbe« bj Itsclt aaineljf, tn hr lag tlnase tnoro anti more 
{.•omfilcte pli tuPKf of the varying etJitos of oar rntmoiijilicrc into conaoction with 
their aitlnute earner tbe aolnr activity. • • ■ 

I am ttwmre that the constant Ia datermlnoci every day at Mount WiUou 
Solar OhMcnatory* and nt the Calnma OUgewatory of the Smlthfwnlan inell- 
tntkn. * * * I tbliife It wonia n*w be of high [juiKinaiico to tv^iry day 

have the maut recent value of the polar CDnstaot ineon^mto^l In the dallv 
moteortilogicfLl irtarue. 

If Utbi eihoaM t»e timctlmhlc. the value of iho ilata wjiiLh are every day at 
the ilbftiofial at the meteorolegint woiUil inerpAw enormously, ft la* of eonrse 
dangerous to nropheay. But a new ora may ^rhapg begin for meteorology 
from the moment wbea the mpiec^rolDgiet bns at bk dh^iwsal every day com- 
lileto data both for the sim'a activity and for the aUte of the atiouspLore over 
an entire iiemisiihore of the earth. 

Work at th^ fwc $&tar~radmiio7i. rwults just dis- 

ciif^i arc, of ctmrfic. the fruit of the zealous work of oiir ubscrveis in 
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Arizona and Chile* Mount Harqiia Hala continucij under the direc¬ 
tion of Mr. A. F* Moore, who was assisted until March 1. ltQ4^ by 
Mr. P, E. Greeley. After Mr* GreeleyrcsignatioK, ifr^ jV. H. Wor¬ 
thing assisted from May 20 to June 50^ but then resigned* At 
Montezuma, Chile^ the station continued in charge of Mr* Ij* B, 
Aldrich^ assisted by Sfr. F, A. Greeley; 

Many comforEs and obscr^'ing improvements have been added at 
both stations at small cxpeiii^ owing to the ingenuity and hard 
nuinual lalnir of the observers* At both stations all [>o^ible days for 
solar-constant work have been utilized, and with very high accui'Ecy 
of observation. About To per cent of all days were observed in 
Arizona and above 80 per cent in Chile. The months of July. 
August, and September, however, were very unfavorable at Ilai^iua 
Haiti, becatu^ of unusual cloudiness which prevailed all over that 
section of the United States. This abnormal state of the sky was 
indeed made specially prominent by the almost complete failure 
of all the California observations of the total siolar eclip^ of Sep^ 
tember 10^ 1&^. Many observationis of these months must be 
rejected on acconnt of unfavorable sky* 

Mr. W. H. Hoover aisisted Mr. Moore for a few weeks in May, 
Wliile Mr. and Mrs. Sfoore were away in Australia setting 
up near Sydney a solar-radiation outfit ordered by Rev. E. F. 
Figot, of liiverview College, for a committee of interested Aus¬ 
tralians, Mr. and Airs* Hoover relieved them at Harqua Hala from 
pJuly until September. Mr, Hoo^'or was tlms prepared by actual 
field e.\perience to be director of the Argentine Government's ne^v 
solar-radiation station at La Quiaca. 

The outfit for this station w'os prepared at tho Smithiioiiiati In¬ 
stitution after designs of the wTiter, and the fitier parts, such ai^ 
those of tlie bolometer and galvanometer, were constructed by Mr. 
Hoover. Shipment was made in Januar}*', 1^24^ and the station at 
Qulaca tmide ready for sokr observing m June, 1D34. Tliua the 
Argentine Government is the first agency outside the Smithsonian 
Institution to undertake regular determinations of the variation of 
the sun. Their ofiicial weather service still receives daily telegrapliic 
reports from our station at Montezuma, Chile, and it will supple¬ 
ment these by its own solar-radiation mcastirefnents at La Quiaca. 

Field work at Mount iriKson —The director and Mrs. Abbot occu¬ 
pied this station from Julj' to October, 19^. Three objects were in 
view—^First, to set up apparatus and begin observations on the varia¬ 
tions of atmospheric ozeme after the ingenious spectroscopic method 
of Fabry and Biiisson. M. Fabry was so kind as to au|>ervisa the 
c>rderiiig in Paris of all the special quartz and lluorite optical parts 
needed. Owing to the detached service tif the Smithsonian instru- 
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incnt mjikfiP, Mr, Krunier, who was engaged in making the Aus- 
Iralian and Argentine solar raditition oiitUtSj no work hod been done 
toward mounting the optical ports for oaione studies or, indeed, to* 
ward preparing for other exjwrinitnts of the expedition. So it hap- 
[lened that the director spent several weeks on Itlount Wilson at 
inhtriiment making and was not quite ready to begin the oaone ob- 
scTTatiDtid in 1923. 

The second object tphs to test new improvements on the sobr 
000 ker. By tlio lively interest of Director Striittonj the Bnremii of 
Stajidards had constructed by their skill fill gloiisi blower, Mr. Sporl- 
ing. a lon^, pyres-plftsa, donble-walkd vRcnnm tube to inclose the 
hcAter tube of the Sloimt Wils4>n solar cooker. As ?=rt^ted in Voltijnc 
IV of the Annals of the Astrophysicnl Observatory^ nearly nine- 
tenths of the loss of heat had hitherto occurred from the heater tiiite 
within the great mirror. It was to check this loss that the new 
device was planned. 

rTnfoi'tiiniitely, the uluminum of the mirror was found much de¬ 
teriorated and could not be fully re^ored by polishing. Hence the 
mirror was very inefficient in IASS. Keverthclcs$, tho vncmim tube 
showed its efiiciency by the fact of the heating of tho oven to 1T5* C-. 
or fully 25° O. abovo the n^nd maximum temperatures of 1020. 
But new troubles arose. The oil eirculalion becutno leaky fit the new 
high tenjpcrattire, spontaneous combustion of the coitnn h^^it insii- 
Intion ocenmd, and the experiments had to lie stopped after long- 
continued vain attempts to close the leaks by ^Idering. Also the 
vacinim tube, which was really mndc too long for safety, snon l>rnke 
under the imerinal heating struins^ After this breakage occurred 
the maximum temperatures attained were but 120'^ C.. showing that 
over C. of advantage came from the employment of the vacuum 
device. The experiments seemed £o promising that a continuation 
of them WR3 arranged for 1924* and new and improved instrumental 
constructions, were prepared by hlr. Knimer during the winter 
months 

Tlio third piece of work attempted wos with the lOChinch tele¬ 
scope on the energy speclnim of the brighter stars. Messrs. Ahliot 
and Aldrich had. indeed, done this with modemte success in 1922, 
employing the vacuum bolometer and galvnnometer. But great 
trouble hud been found in the use of those in?5triiment3 at extreme 
iwnsibilitr* Fortunately, tlie late Dr. E. F. Nichols had ofFered to 
Uhvb prepared a radiometer of improved design for the work. Tliis 
itistniment* ronatructed by Dr. J, D, Tear* proved equally os sensitive 
as the bolometer u^ed m 1092, and practically ns easy to use as a 
meter sdick. 
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With it and with n now optical arrangement designed by iho 
writer, and largely constructed by him, very interesting results were 
obtained. Tlie spectra of 10 stars, including the sun, as cast by a 
60* flint-glass prism, were measuied successfully. As tbe sun^s energy 
slwctrum is well known, it was possible to eliminate by comparison 
with it all of the chief instrumental and atmospheric losses. Tims 
the results appear as stellar energy curves outside our atmospbei'e, 
expressed on the normal or wave-length scale. As the deflections 
nliscrvcd were fairly large, no lufiJ than 50 millimeters at maximum 
in the spectrum of Bctelgeuse, for example, the curves are of very 
fair accuracy over most of their extent. It was possible to improve 
them in tbe shorter wave-length region wiiere they were inaccurate 
by employing visual and photographic results of German observers. 
Thus the whole of the intense part of the spectrum of the yellow 
and red stars and a large part of that of the white and blue ones 
were well delineated. From these residts good estimates could be 
made of the star temperatnree on the “ blade-body” basis. Further¬ 
more, estimates of the diametere necessary in “black bodies” to pro¬ 
duce at those tcmiwratures the observed amounts of energj' were 
tnude. It is gratifying to find these i%.sults on stellar diameters as 
accordant as could be expected witli those of Pease made by means 
of Miohelsonn meUiod of the interferometer. A summary follows: 
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scmsimly 

The 3 'ear lias been notable for the establishment of dail>' tele¬ 
graphic solar-constant intelligence from Montesuma, Chile, and 
Haixjna Halu, Aria., through the iotoiTcst and generosity of Mr. John 
A. Koebling. Abo, due to the suuie support, experimental tempera¬ 
ture forecasts for New York City, based on tiiesc daily reports of 
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solar cIiRD^, have bwn regularly submitted by Mr, H- Qaytoo 
for certain periods of time in advance. Bevision of tba solar radia¬ 
tion results of the two stations shows average daily accord to less 
than 0-5 per cent in their solar-constant detemdnations. Observa¬ 
tions have been received from one or both solar-radiation stations 
on about 90 per cent of all days. Further experiments with the solar 
cooker have resulted in some advancement and have pointed the way 
to further progrcaa. Apparatus has been made ready for determina¬ 
tions of atmospheric ozone after the method of Fabry and Euioson, 
Highly interesting results on stellar energy spectrum distribution and 
on star diameters have been obtained with a Nichols radiometer in co¬ 
operation with the Mount Wilson Observatory of the Carnegie Insti¬ 
tution. 

Bespect fully submittedu. 

C* G. Abdot^ Director* 

Dr. CrtARLEs D. WalcotTi 

Secretory^ STiiitheonian In^tiiution. 
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UEPOKT OX THE INTERXATIOXAL CATALOGUE OF 
SCIENTIFIC TJTERATURE 

Sik; I have tlid lionor to submit tlic followixig report on the opera¬ 
tions of tile United States Regional Boreait of the Internetioiial 
GatttJogue of Scientific Literature for the fiscal year ending June 
30,1024, 

As hag heen stated in several previous annual reports, political and 
financial conditiona in Europe, caused by the late war, forced a 
suspension of tlie printing and publishing of the International Cata¬ 
logue after the fourteenth annual issue had been ctuuplctcd in July, 
1921. A total of 240 volunies had been piibjishcd iip to the 
time that printing was suspended. This series of publications con¬ 
stitutes a classified index catalogue of the scientific literature of 
tlie world for 14 years, from 1901 to 1914, inclusive, and furnishes 
the only example of such work ever published. In spite of nunier- 
oua at tempts toi rusuma publication it has been found impossible 
to do so in the face of the continued unsettled condition of inter¬ 
national monetary standards. The continued high price of materials 
and labor entering into publishing expenses brings the tost of the 
10,000 pages of each annual issue of the catalogue up to impoesible 
figures W'hen expressed in terms of tJie depreciated currency of many 
of the cooperating countries. 

In 1922, finding tJiat immediate resumption of publication was 
imposaibla, an International convention was hdd in Brussels to con¬ 
sider means whereby the organisntioiii coijld lie held intact. A 
resolution to this end was suggested by this regional bureau and 
was unanimnusly agreed to. The resolution was: 

T!i{tt the conveiitton It of ontnioa iliat the intcruatlcnial orcaulDitlDn sboultl 
he kept la heine tlirou^ iimtunl Agteetnetit to centinae as tar as posslhle the 
wurk ef the regltmul biireaiis until such time aa It may be ceonoinJcalty pos- 
sihtc to resume publlcatjea. 

Tho other countries represented at tliis convention, ns well as 
the United States, have since that time lived up to the spirit of this 
resolution. 

The present aim of this bureau is to coUect and record the data 
necessary to index the current scientific publications of the United 
States without attempting to classify the subjects of the papers 
themselves, (or before publication is resumed it will be necessary 
to completely revise the classification schedules heretofore used in 
iirder to keep abreast with ever advancing scientific discoveries and 
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tlie consequently chnngmg nequiremeots of investigatora ainl 

The need of n definitej oonerelet »nd intermitionAlIy Hitisfucturj" 
plan of operation to govern any organiaytion undertaking to indcA 
anti classify current scioniific Uterature is now more evident Umn U 
wiLs 24 years ago when the InteniationHl Catalogue was foundeeij for 
since tile publication of the catalogtie by this organization was sus¬ 
pended many plana have been auggested but none have so far been 
found satisfactory or praclicaL Schemes which take into ronaid- 
eration only local or special iiecKlsare found uaelesa when world-wide 
needs are considered. And when sucli sdiemes are compared with 
the far rcJiclung, time-trierl, and officially recognised organization 
of the International Catalogue of Scientifie Literature^ whose scope 
cinbi'fLCes all scientific subjects and whose field is world-wdde^ tlieir 
inadequacy is at once apparent. 

In aiming to meet the various needs of scienlific specialists and 
sttidcnts several forms of service are required: 

L Immediate notices which tnay be fumishecl by means of cards 
or assembled reference data to meet tho requirements of specialists 
in rastmtctl fields. 

2. ^lonthly nr quarterly classified records furnishing not only 
complete index data but nlm, to meet the needs of general students 
as well os specialists, brief alislrads of the subject contents of nadi 
paper noted. 

h. Yearly catalngues or yearbookfi, each covering a recognized sub¬ 
division of science, collectivdj" furnishing a permanent, iLssembled, 
classiik-d record of all scientific setivities. Such cfdlective records 
STD I he only ones miitod to meet the needs and requii'ements of libra¬ 
rians as well ns future investigntom 

As in the preparation of eAch of these aids to scientific investi¬ 
gation the sajiio matorialif are minimi and the same methoda of 
indexing and clnSKifying nre employed^ it is evident that consolida¬ 
tion, nr iit least close cooperation^ should exist between all orgoniza- 
tiofis undertaking such work. 

Many abstracting aj^fencics now' exist and attempts are being made 
to cstabli^ib uioii?, but laken collectiveh'^ they fail to cover nil 
hrauehos of science and are too dissimilar in their methods and form 
of publication to take the place of a concise, classified, penufment 
record of scientific publications so urgently ncedetl by s]ieeifllista 
and Hbniriiins alike. It was cliiefly to meet this nct^d that the Inter-^ 
national Catalogue was originally founded. 

Respectfully snbmUted. 

Lkon^.^rd C. Gctjsnfll, 

. Asshtant in Ohar^f 

Dr Chari.K ft D. Walcotth 

SjnithJi&niffn InAtihUhn. 
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KEPORT ON THE LIBRARY 

Sik: I have the honor to submit the folbwlnj? reiKiit on tlic actiyL 
ties of the library of tlie Smithsonian Institution and of the libraries 
of the bureaus under its administnition for tlio fiscal year ended 
Juno 80, 1924. 

The use of the library by menil>eirs of the Smithsenlan stall has 
Irfon BtiUlulated by the publication each fortnight in Smitlisonlan 
Local Notes of principal additions to tlie collections and by the daily 
cii'ciilatiou among heads of scienlilic departments and divisions of 
a typewritten list of original articles appearing in jujriodicals rC' 
ceived for the main library. 

’While the libraries ad ministered under the Smithsonian Institu¬ 
tion are used principally for referonee in connection with advanced 
scientific and technological resean'b and special administrative prob¬ 
lems. tlicir facilities are open to all. Every book is available toybe 
public, through consultation, by borrowing through an accredited 
library, or by means of phottjgriiphic reproduction at the cor re- 
spoudent's expense. 

tiillTUSOSIAJf MAt^ LlDBAaV 

The number of publications received for tbo main libinry was 
8.078, consisting of 4,044 volumes, 2,128 purls, 2,332 piunphlctii! 
and 170 charts. The total number of accessions has reached 544,- 
980, representing 901,93S publications. 

Tiicses and academic publications vrero leecivcd from abroatl 
from universities located at the following plticcs: Algiers, Berlin, 
Rem, Copenhagen, Dijon, Dorpat, Freiburg, Giessen, Grax, llalli'. 
Kiel, Kouigsberg, Li^ge, Loudon, Lund, Wanebester, Marburg, 
Montpellier, Paris, Prague, Rennes, Strasbourg, Tokyo, Utreebr, 
Vienna, AVarsaw, "Wiluo, and Zilrich. 

Of a total of 3,352 tnissing parts of inqompleto sets requested ui 
esL'hangP, 1,786 were secured, a iwiceutage of &3.2 as compared 
with 43.2 lost year. 

SMtTitiiOA'IAN UFTK'r. LIUBAUY 

The loans from the ollice library were 2,740. Tiie tiumlwr of 
volumes catalogued was 5,348. The number of new titles addetl to 
the author catalogue was 1,125. 
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llio gift of Dr. F. W* Clarke of 170 paniphlei^^ m continnation 
of his collection of papers on the atomic ^cighte, brought the total 
muiiber of publications accessioned up to 4??^ 

There ticre 5L additions to the aeronauttcal collection. The 
growth of this collection dnrmg the past decade has been due almost 
entirely to the personal efforts of 5In Paul Brockett^ who has secured 
for it many rare and valuable work*?, the acquisition of which would 
otherwise have entailed great exjwnw?- 
Tlie cataloguing of the Enropeun Historiciil Series of the Watts 
de Peyster collection is approaching conipletion> 

UXrrEI> STATtl^i XAIIOXAL ML'^ErM 


The library of the National Museum now contains 63,691 volumes 
and 101,057 pamphlcta, making a total of 164,748 publications. Of 
tliese 1,521 volmuea and 2,667 pamphlets represent the incimse of 
the year; 14,528 parts of periodicals were entered. Owdng to lack 
of funds, only 163 books were bound. 

The number of loan^ reached a total of 10,577. Many more vol¬ 
umes were consulted without being taken out There were borrow-ed 
1,020 books from the Library of Congress and 130 from other 
libraries. 

When it iff realized that 6,t39 of the library’s loons were made to 
die sectionat libraries, the imimilaiice of the latter will become 
readily apparent. The sectional libraries maintained are as follows: 


AdinlnMniUE>a- 
AMurIcao ardiiKilag:3r. 
AuUirtipulf^^ 

[llrdjiL 

BoUay. 

oillee. 

Etlmol-ogy^ 

FweiaL 

ifcaltijiry. 

Graphic arta 
Hliitory. 

IdWtB. 

lavortebnitc pAl^ontology. 
MAmmals. 

AlAiiuc InTcrlelipatea. 


MtHrlmulenl 

VlLncralHi. 

MIzlitdJ iccbnology, 
Mullu&ka., 

Dili World arctiiooldi,^. 
PaliK>tH>tany. 
ULutd;;^|ihyp 
PLi>i!lcaL onlJiropAlui^. 
Property clerk's oaice. 
EteptlleE: and batraeliUu^. 
SupcrinteDElent's olTke. 
Tasldcnny. 

Teitilcs. 

Vortchnite paleoutiilojiy. 
War Ubrary. 

Wwd techno! oi:y+ 


The sectional lihreries ore under the immediate custody of mem- 
l>er3 of the administrative and scientific ^aUff^ to whom the Museum 
Is also indebtcfl for many valuable gifts to the library and timely 
suggestions for the increase of it^ collections in the fields li^ed 
above. Atnotig the donors for the present year should be men¬ 
tioned Messrs. Paul Bariseh, R. S. Baasler, J* E. lienedict, A. G* 
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lioviDg. Austin H. Clark, F. W. Clarke, W. H, DaU, C- T. Greeue, 
O. P. HaVt W. H. Holmes, Ales Hrdli^ka, E. Kejser, W. E. 
alasoD, g' S, aiiller, A. J- Olmsted, C, W. Richmond, S. A. Eohwer, 
Jl. H. Swaks, and Charles D. WalHiott. 'Hie gifts of Doctor Dali 
to the sectional library of molliiska numbered 187 titles. Tlirough 
tlie effortfi of Doctor Bossier, the Museum has been fortutmte in 
securing the library of tlie late Edgar E. Teller, p&leontologist, of 
Buffalo, N. Y. The books were received filinrUy before tlio close 
of the R&cal yemv 

The number of cards added to the subject catalogue sraa 3,810. 

OTIKS branch UlJBARIIB 

The branch libmrics at the Astrophjaical Observatory, the Na¬ 
tional Zoalogic&l Park, the National Gallery of Art, and the Freer 
Gallery of Art 1*0001 vod a number of aceesiioiis diirin;| the year. 
Tlie activities of the library of the Bureau of American Ethnology 
are covered in the report of tlie chief of that bureau, 

goMHARr OF arcEiPTR and accessions 

The number of pieces of mail received during the ycur waii ^8,783* 
of Tvhich 7J21 publications were Government docuiticnts. and wei^ 
sent to the Library of Congress^ in accordance with the established 
practice. Additions to tlic library, as shown by the accession ree- 
ordst given bclow^ 
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Kespectfnllv submitted. 

N. P. ScUDDER, 
Acting Assistant Librarian. 

Dr, Chabj js Dp Waia:oit^ 

Secretary, Smilhs<mia 7 i 
























APPENDIX 10 

IlliPORT ON PUBLICATIONS. 

Sib: 1 U:ive the honor to submit the following report on the pub¬ 
lications of the Smithsoninn Institution and Its brunches during the 
year ending June 30, 1021: 

The Institution ptoiwr published during tho year 13 pajMJre in the 
seri® of aiisccllaneous Collections, and 1 special publication. The 
Bureau of American Ethnology published 3 bulletins and a list of 
the publications of the bureau. The United States National Museum 
published 1 annual report, 1 volume of proceedings, 3 complete bul¬ 
letins, 4 parts of builcLins, 4 parts of volumes in the series Contribu¬ 
tions from tile United States National Herbarium, and 33 separates 
front the proceedings. 

Of these publications there were distributed during the year 
142,335 copies, which includes 407 volume and separates of the 
Smitlisonian Contributions to Knowledge, 25,937 voJnmca and sep- 
unites of the Smithsonian Miscellaneous Collections, 19,085 volumes 
and separates of the Smilhsonian annual reports, 3,743 Smithsontun 
special publications, 78.734 valttnies and separates of the various 
series of the National Jfiiseum publications, 13.974 publications of 
the Bureau of American Ethnology, 78 publications of the National 
Gallery of Art, 05 volumes of the Annals of the Astrophysical Ob- 
serratory, 85 reports on the Harrinian Alaska Expedition, 127,5 re¬ 
ports of the American Historical Association, and 53 pubikationa 
presented to but not issued directly by the Smithsonian Institution 
or its branches. 


ssriTiisoKiAir )tiscixT-.\frEocs couuxnos's 

Of the Smithsonian Miscellaneous Collections, volume G7, 1 puper 
was issued; volume Tl, I paiwr; ratume 73, 1 paper; volume 75 1 
paper; volume 76, 9 papers; in all, 13 papers, ns follows; ’ 

1‘Ul.UAli; AT 

No. II. C4i<nhr!nn Gcalujnf ami p!il«mtoloyy. iv'. Na. u. I'ambrinn and 
Ozarkian Urucblopoilu. Ctsaclrtaii C«ptialoi>ucU ami KatONlranu iJv rhnri<.» 
LI, XVatiiitL June s, IKM. Pp, 477-VH; plAi ItW-iat <PnW. 1*753. | 

VUUUME tl 


Nq, 1. ^idUHja^MEan Tnbli^ r^iiriat of Burenth 

llyn_ Nm&mHr "iS, dSS pjf>. 2r^,} 


revised ^\- 
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I’OLUIEE TA 

No. 2, Oplnlnns hy the liiten^htioiuil on Zoolc^lenl 

Nomf^ki-liiture. Oplnrons 7S to 81. Kehruary Op TftS-l, 03 tifPr (PubL 3T4|.) 

VDLL'IIE TA 

Nrt. 1. Combridi] <J€K>loi,T niiil TilJcontotn^*. V. No. 1. Oc^^tojEtonl Formn- 
iJooK of Bi:!Jivorfoo|;-IlrliMN>8tiiororifl litimrCp BHtlsIi Coltitiiblji^ Cmicirin. 
Clwiric?^ l\ IVnU^lt JUiiO 24*. fft24. Pp l-'il. ?l« 1-S, text nt7^ l-H- 
(PiiliL 275a > 

AmUMR Tfl 

No. 2. Hiatory of Klee^rlc U^UL By nenry Slrfime^Ter. Anjnisr 15, 15123. 
tlTi piipp fli Ulus. (Publ. 271T4 

No. a 5ii the Pttsan CrSnolil Pntrttty Cfttlltncriiiitln^. By Pmat RpringBr, 
AXiKii^i 3, 1fl23. 41 ^p., 5 pla fT^nbl. 2mS,} 

NO. 4, ItefWrt oti CcW^jeratlYC E^Uitiillannl onil Rmnreh Work CnrrisJ^l nti 
by the l^iultb^inhlii ntid Its Ilninohew. July 3,Sp lOiia, rtd pis, 

tPuW. 271 a) 

Nu, S. The Teleact^filtii: ot tho Cetus^n Rkult, iJy Oemt 8. 351 i Her, Jr. 
August 31, tftSa 70 PD,, 8 Dls. (PithL 2T2tX> 

NOp 6L DeBerlptlons of Ne«^ tfiilltin Uirds of the Fumnies Turdldiie, Syt- 
rlldue, Pyenonotitlite. ttiul Sliuk'lcuplitfle, t?y Hrtit 0. Oherhniser. July 20> 
1023. D pp. rPubl. 2?21.V 

No. 7. De^riptEuD Of uii Appuroistly Now Tootheil Cetficffiiiis from Soiitli 
ri'urtillJis. By ECemEitgtoii Kolto^. July 23, T pp,^ 2 plft (Pabl. 2733.> 

No. 8. AddlltnuuS m PrehLifoTh- rotten'. I'^y J. IVnltor F’esThes, 

Clfalef, BurenU of Auierlcnp Hthnido^ey. .friuusry 22^ 1D2-I. 16 pp., IQl text Dgs. 

(PubL 27480 

No. R. The Brightness of Tnnnr Eclip?^ 1800-1^22, Ity WLlijurd J, Pl.Mher,. 
Filiraary 3321. (U pp. tBubL atlTt.J 
No, lO. EiplorutiiTow Uiul Fldil Work of the f^mUhstmluii [iiKtltutlon In 
1P2!|, MxirYli^lp 1321. l2Npp., 12 :e text ngs. tinibl. 2732^ > 

^■S!lTir,'U>NI.VN ANNL-AF. 

Report for — TJio Anintal Report of the Boui'd of Rcj^otK 

for lt)'32 was still in pnym at £ lie close of the tiscftl jear. The general 
appendix to tlus repoit eantnin.'^ tlie following articlest 

tVlio vd\l promote scleuci?? by Q. Ahb^t. 

RereuE dis^^rerles ami tbetirlcs rotating lo the .HEruetio'e of luatter, by Knrl 
Taylor CouipLou. 

The archllcu^iire of n Ie^oiw aail a tinkers^ luitU of utoui.^ iiy C, «. Ahhat, 
AerDuuutEe n^Rchri^b, tuy Jo>icph R. Ajiieii. 

Photosynthe^ila and the i>ossfb1e or^o Oi solar e^iergy* by H A 
Fokh nnd erouils, hy \V. J. Uiimptirej>i, 

Rome of Hue use of the nijiiunt rinss of trwi In f^Hmnllc stiitly, hy 

Fruf. A. B. DoajT^nnM- 

The ape of the eeriJj'. by T. U. Cluimbtrliu anti otbefFL 

tlow deep ts tlio Oltwii? by C Q. Ahliob 

I'lva deenila^ of genet le pm^feris, by K. M Ihiid. 

tibfaerYatiorm oti a MuLutmui hoaYoi: riiEuiL hy 8. 8tflJuinu Herry. 

203U7—STi - 
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AJ5^2fUJU-i REPORT SMITHSONIAN IKBTITIITIONj, 19^ 


Ttie ftepulilk Of Salvador, by Paal €. Stfltulloy. 

The teiit ratefRlUiiT, Uy It. Snndfimsa. _ 

Tho nfo lilsrtonr and bnblts nf tlio solitary PAtfanfAufJ trt&ftoiw-. by td^ 

ward C- Rclnhard. 

THe use of Idols lo Hopil worsRll^, by J r alter b 
Two Chaco Canjoti pit hou^caip by Nell M- Judd. 

ColiecUons of Old WorUl aroheotoj^y Ln the Ucltccl State^i National MtL-HRm, 

hy L M. Cftiaiiowlcz. 

Tlio Sliflke KDlletna’' of Sounds by T, T, Wotoruma. 
gieavatlonB nt AskoloPi by Prof. J- Oamtang'. 

NotloanI f^orts at boiiw mahlnif. hy tt. XcwelL 
Idea Is of die telcpboue service, by John J, Corty, 

for The re[>orl of the executive coomiittee srtd pro¬ 

ceedings of the Bonrtl of Regents of the Institution, nnd tlie report 
of the secretary, h»th forming parts of the annual 
Board of Regents to Congress, were issued in pamphlet form m 

December, 1 ^ 2 '^. 

Keport ..f tHe esfcndve conimltlee anU ptowedlues et Ui® 

the SinliltsouUii Institution for the year eiuilna Joiw 40, 102M. IJ pp, 

RoilSror^^Hi^KUtj- or the Kuililisonlaii litftttutlan for year ending June 

ao. 192 a, 12S VP- iruoi, 2110 .) 

The gcneiid appendix to tliis Hip*>rt, which was in pi^ss at tlie 
clofio of the yeor, contains the hiUowing papers: 

The con«lllutloa and eTnlatlen of the stam. hy Henry Xorrfn Resell. 

The sun uiul «tiiiHpoU, lfiaO-I»2», hy E- Walter Maimdt^. 

JolnlUB mo elMtrte wave and heat wave up«tta. by E. t. Nlchels and J. I>. 

The unsflhilltlest of itiHtrutnenial (Icvelopmeiit. hy George E Elale. 

Tlie iHutlerland of astrononiy onrt EooloEy, by ITof. A. S. Eddington. 
Atmoepherlc iiltroEeu UMtlou. hy Eric A- Lor . , , , 

The piaec of proielnu in U.e diet m the light of me newer liaowledge of 
QQtritlon, by ll. Hr Mltehell. 

The olory of the prodnctlon and ukps nf ductile tantalum, hy Clarence IV. 

Tbo compoisltlcn of the oartra inlcdor* by L. H. Adatoit And N. U WlUUmson, 
Dlmpond'beiirlPg ppridotlle in Pllce Coiiiil;?, ArlL, hy H, Miser and C. S. 
EoAS. 

RectiDt jiroBTefw and trena.-i In Tcnebmi* palfhDntole>gy, by W. D, Matthew. 
Afilmal-i in the NatJonol SSooloelcal by N. Hollister. 

The borrawlnu California ii» njEcnts Ln soli formation, by Jose^sb 


GrlnneU. 

Tbe aatiJTfll hUtorj of Chlaii. hy A. de C. Snworby, 

Life In the ocjean^ hy AdMtia H. ClnrlL 
A (itady of the itlght of wA ^lla, by R. CX Miller. 

iniiBlclan» and their LnstniTnenUH by IL P,. Snodgra^^, 

The gardens of antileiit Mexico, by Zelin NnttHlL 
A tkovf tuiUtnipl nionninenl tHovenweeji)+ hy J, \VflUer Fewkea. 

The EeneaJfl of the Anwrlcun Indian, by A. HiitllflA. 

Itnlned eitleo of I''ute#tlne. enkt and W<mI of the Jonlan^ by Arthur W. SuttoiL 
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Tbo trorle vf Prince AJbert Int of Miitiftco ftud rece&t 

in buniim palcontologr In France; bj MarcelU d Botiter 
Tlae ulillsatloD of rolcfiiiic steam ia Italy. 

Prapoucd tidal hydroelectric power deTolopment of Petitcodiac and Mem^ 
rameook RLver^ by W. Eiipert Turnbull. 

Sir Jamofs Dewar, by Sir James CrieLton-Browne, 

J. C. KnpEeja, by A. Van Maanen. 

JulLua Yon naan, by G. G. 

ffE'EClAb PmiJCATlO^f 

The followinp special pitblicatiork was issued during the year: 

GlaKstLaefI Li^t of ^tniUmoalaii PatiUcatlunia Arailable for Dbstrlbutiau, March 
1, 1024, SO pp. (Ptibl, 2T55.y 

rUBLTCATlOKa OF THE PNlTFJ> STATES b'ATIONiVI, WUSKCAI 

Tlie publjcaticins of the Katienfil I^fuseutn arc* (a) Hie annual 
report, (i>) ProcccfljngB of the tTnited States National Museum^ 
and {fi) the Bulletin of the United Stales Kational l^riis^um, wliich 
includes the contributioiis fi'om the United States Nationa.! Her¬ 
barium. The editoriship of these publications is vested in Dr. Me reus 
Benjamin. 

During the year ending June 30, 19^-1^ the Museum published 1 
annual rei>ort, 1 volume of proceedings, 3 complete bulletins« 4 parts 
of bulletins, 4 parts of volumes in the series; Contributions from the 
Ignited States National Herbarium, and 39 separates from the pro- 
eeetlmgs- 

Tlic issues of the bulletins were as follows: 

Pallet In Ofl. Ka»t African in I he 11anc»] Ktatcti XadotiAl 

I^art III. PrlmeLti^^ Anio^Iaetylfl* PcriHiMKlQCtyla+ Prnljwcldtja, aad Hyraco- 
Idea. By N. LtulUjcIcr. 

BuLldda 100, Ciiuirlbii thins in the Hiulujjy nf the rbUipfiJne AfYhliiL-liigo mnl 
Afljnceut Beg:loa^i. Velame 1. part 10, TIac Polydfld Tarbi^IsrLans from the 
rhlllpplnc l!>laitda By Toklo Knburukl. 

BullrUn ItH, The Furfern of the Atliinile Ocr^a^ Fart 4. LuaeaEdae. By 
Ju^pli A Dj^nj^uLtac Oashmata. 

Bulletia lOi, The ForsMlnIfcni of the All unite Oteaii, Fart 5, tnillostomel- 
IMiie and Oloblj^rlaldnc. By Jtwepb Anuu^ttine CtifOiaiacL 
Bulletin l2Gp XorUi Amerleau loiter Tertlury and Quau-raftry BryoEoa, By 
PcrdJnaail Cnan ond Bay S. n£B«±1er, 

Bahetio 12t, Catalogue of tlie Wntcrcroft Collection in the United Blates Na¬ 
tional j\y Carl W, Mltman, 

niinetia LUt of Norlli Atnerican Rccdat MnDiinals, 1023, By Cerrit S. 
MlUcr+ Jr. 

Of tlm ^parate papers of the Contributions front tlio United 
States National Herbarium the following were issued: 

Vulorae 22, rart ?. TUe' North Amerleau Ebcdf^ of Arifttitla. By A. f3. WUcU- 
coeJe. 
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22; [Wirt fi. Ktw Attii^iiLHH Hy S. t% 

VoIudig Si, [Witt 3^. hikI flhriilw^ of ileicicw. (OvtilLilA(K'fit>Tiiriioriic^u,y 

ny C, HtnqfliL'y, 

Vnitjnie 2*1, iwrl T*. Ki^rniomlc Fnill-lwarltig riiiiitiii of l-k^imifar, \ly Wilfton 
PojMMioe. 

Of the asparatcs from the protsetcjings 11 \vei-e fmm volitnie Oft, Ifl 
fiTcim volunio C4, aud 0 fruijj volutuf) Gj. 

PPdtjcrATroNs or the ni'iiEAtT or A>fEnTCAj! jmsxoijfH>y 

The editorial work «f the Bureau of Amci-ieaii Kthnoiof^* is imdcr 
the dineetlon of ilr, Stanley Senrles, editor. Durinji the year, there 
were published three bulletins and a list of piihlications of the 
bureau, as follows; 

Balletlu TO, BliM UcieuBC. ;Vnr, nod Vlitury Feaat^t atnons Uie Jlbaro 
IndJnns of KjiKtom F>>iirid>ir (Karsten). VI Ot pii,, ]fj pis, 

Miitletlii SO. Muiiduii uiaJ ILilatflji Mcpire f iH'iiifinoTe). XX, lt>2 pp., 19 pis., 0 
Urs. 

DaUotlu Si, HxLavnilyiia In iln* €luiina Vniiej:. Xew Meslw (.leaontnl IX 
iiO pp.. tia pts.. 3S Uksi ■ 

IjHt ijf of the Hurpitn of EtlianlOEi'. lip. 

At the close of llie year tliore were in press or In preparation five 
annual reports luid two bulletius, as follows; 

'mirty-ciplilh Aiiuiial Hc|wkrt, Aocompnnrlus iMitM'.r: An lutroilnrtory Jllnily 
of the Artri, Crafi«, and Ciifrtonw of tHo tiulnua iiullnas tUoth). 

Thirty,iiliita Abuual tlppnrl. AttninijaiiiyfaB ;m[K!r: Tlie Osage Trllje: Tltc 
RIIg of (Ija 

Fonluih AiiiiiUfit llinK'rL AnrtDijKibj^itt^ imp^ra: Tlip Oriedn of tlic 

Whitt DdITuIo of tlir Fns Tlio Aiitiii>|i^rniihy 4 if a Fos 

luilLtm Wonimi: yon^ mu Fax Mortiinry Fn-tEoiUfi itiitl Npt^s on 

Ltie Fox fiwTkity Keiowii il« **TJi0ii4G WEin Wortililii the Little ^pnlteti Bof^ 
Thu TmtJIthinitt fn-ij:in of Lite Fait S?tw 2 lory KihiK-n tig ‘' The HLnulufr 
AroLkUel Ititi?." f 3[lrliiHKiii3.) 

Farty-(3r:it Aiumpk Ik^jiort, AociriiipAbyliiE: Innll^h Bn^^koiry (tEunKj. 

Fprty~fiiw-aml AiiEitinl Repnrt Ai.-oonipa.iiyli]E; imiktir: PH>chtl Urumuls^fttion nnd 
tSocliil Fs£i|;Gii cif the tudhiUB of thu FiiJifeLTomtfy (S^vnuionL 

Riilletlti 78. ilaiktRHhiik of the tiKli:in:a of tInllfatiUn (Krodior^. 

Butk'tlu 82. FdwLit^ oiiil fJortloii fir(PU|w ai ^[iintnbi In MidJJu TeniiMSee 
(SfyerL 


nr ttik amvjiwa ^ tusmiitKAL AiWiocLiTiox 

The annua! reports of the American Historical Association are 
liansniitted by tlio association to tlie Secretary of tiie Smithsonian 
Institution and are eommunicated by him to Conj^rye^ pronded 
by tlio act of in«or|XkratiDn of the assoemtioiL 
Volume I of tlic Annual Reimrt for 1010 and the siipiilemental 
volume to the re|iort for 1020, entitled ^Vritings in Americaa 
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Historj,” wore i^ucd during the jear* Volume II of the 1010 re^ 
port, tho rcptirts for JOSO and IIWI, and the supplemental volumes to 
the reports for 1921 ao^l 1922 were In presB at the etose of the year* 

REPORT OP THE XATIOXAL fkXIlHTV, JJAUOimttS OF TITE AMERICA Sf 

REVOLOTIOK 

The manuscript of the Ttventy-sixth Annual lleix>rt of the Na¬ 
tional Society^ Daughters of tlie Ajiierieau lie volution^ was trans¬ 
mitted to Congiiei^Sf in ncconlance with tlie law^ on .lanunry IP^ 

SMITHSOXIAX ADV^flORir tOMMlTTFE OX FEIXnXfl AX^U FlTBLICATlOX 

The editor has continued to serFe as secretary of the Smittisonian 
advisory committee on printing and publicationT to wJiich are re¬ 
ferred all manuscripts olfered to the InMiitutlon and its branches for 
publication. The mmmUtec also makes recoinmenciations to the 
^ fiEHiretary on mattei^ relating to publication poViey and economy 
izi printing. Several rcK'iniiniendatiunii wore made during the year 
with a view to con@cr\ung as far as possible the inadetjuate amounts 
at present available to the Institution and its branches for printing 
and binding. Sine meetings were held during the year and 100 
manuscripts acted upon. 

Kespeetfully submitted. 

W, P, TauEj Editor^ 

Dr. Charles D. WalcotTj 

Secretar^^ jS^iiiht&nian ffuttituti&ru 
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HEPOHT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF 
REGEiSTS OF THE SMITHSONIAN JNSTITUTION FOR THE 
YEAH ENDED JUNE 30, 1934 


Board of Beffentu ih^ S7mth^oman IniiU^f hn: 

Your executive wminittw I'es^iiSrtfully E^ubmitstlie following; report 
in relation to tbe funda^ receipts^ and disbursements of the ImditU' 
tion and a statement of the approprijitions bj Congre^ for the 
Nutional Mu^utn^ the Tnteniiitioniil K^chaogeSt the lliirean of Amer¬ 
ican Etlinology, the National Zoological I^ark^ the Astrophysical 
Observatory^ the International Catalogue of ScieniiBc LiU'srature, 
and the National Gallery of Art for tlse fiscal year ended June 
3D, 1024. 

SMITHSONIAN' JNSTITCnON 


Coitfiitwn of fund July i, I 9 B 4 

The sum of $L(K)0,(XK) depositeil in the Treasurj" of the United 
StatiKs tinder act of Congress is a permanent fund, having been ac- 
cumululecl by the deposit of savings and lioquests from time to time. 
Subsequent bequests and gifts and tbe income therefrom^ when so 
required, are invested in approved securities. The several specific 
fun«ls so itives^d are now constituted and classed as follows: 


fund 


Av€?Ty fluid_ _ _^__ _ 

Vfnk^nlH rtuily Boecia funiL-.^ __ __ 

Lucy if. tinircl fund _ _ __ _ _ 

Clmmlvrlaln fluids _^___ _ _ _ 

llfinilltfiii _ _ _ _ _ 


CEirnllne Heary ftmd _ _ _ 

Hmisklas fienoml fond-__ __ 

nra«y lIii^heH fund__ ___ 

Lmilt ___ 

liWry T- and Giwrj^ \S\ Pwre fniMl __ 

Addl^n T. Held . 

llhcCT fond _ ___ _ 

fjcor^o K. _ _ _ 

SmLUis^ fluid______ 



?29,SriT.S2 

S4p^l02,27 

-m w 
1 . 074 , no 

3T.2t^.5T 
ISJ. 0in,02 
7, :tllO, 00 
la. 2as,sd 
4, oiu.oo 
stts.eo 
rm.m 

1,40B.74 


Tof4l coiiritilldated fuDd._ ______ |£I4,S25-P0 

Charles U, and Mary Vaui WaJeotl rescaTch fatitL,„_^ __ Ji.rii20. 00 


m 
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AXNU-41. REPORT SMTTHS^ONIA?? iXl^nTL'l'TON, 


Tlie tcjlul ziiijoiiiu of (1iriilen<l-'^ ami intorest recciveil by the 
tioR from the Freer estate tlorin" the yenr for nil piirpo^^eis w«s 

The itemized repoi-t of Lhi^ miditor Ik tiled in the ofOee of Lite 
sw^iotnrT. 

hriitUrii Mttrrr^ of finouHoJ 


artjtttqrj twiiiLsi 

Cn»M bftlAftcw utfc Iksiiiii July 1, _ _ _.__ fLL 

ihiNjnH! from ^iiirLt?H ATfllfubie for mnit^rol piir- 

pissiHj*__ _________ — Tm, 12 

Intertill 13 rkiml rei’rjiyiDeatii lo tXiv 1n,^tiliillnn fur 

i4pm-if|p- ______—-- 5,152.24 


Tiitni fur uriiLiinry 


OriLliiitry psiiiiumitm'?* : 

Ojire niul reiniSr irf liallHhr?w_, ... _ ___ 7, 

Funkmirr im*i 

GeiivTAil jii|iuliibiitii|lim_^_. , _ ^ , --- __ ..... 2k\ IK>T. 3^1 

I^lbrary -- _ „ ,,, . . _ 2, IW. lVi 

PlihUL'iHllolJ^ (riilii]kr[Htl3K rrupnmlluli. jirlnlJoi?. uml ilbilTitm^ 

tiiiiO _ _ . _ _ ___, 15,17:1,T:fc 

mill I'xploratli+fi^. __ n.riOT.!ii^ 

llltcriuithiiJEtl ---- 4,027. !ll 


Tiifa i uAry estKTUilk ii nw___ ^ _____ _ +14, tKHj. (jC? 


A0raii(i?H null ri'iuiymejitri fur Oolfl expeci^e.^ am\ utlier ii-ttnhtniry 
irtTiwteitfMM iNtid^ tlie yeHT: 

Aclvanc^'ti -^ - ^.— - — 15,1134. 75 

Eielmymenis- - - --- -- --—^^ 11, im. 03 


lOffoifiiiT ... ,. - - ———— -- —— -- 4,130. 12 


iiKO!:in‘i^ .\yit icsric?iiirnrmt^ mti nwctpricr luuhc-na 

Tt4>i-clptHt 

Avery fntul - - --- - 

VtndnliL Ptmly Pneori fnnJ^— ---- 2,00T, *0 

Luey H. RftSnl fiiiiil-^- ------- 07.01 

Frann'^ Ia'h fTiamlM-rJAlii --- UBUI.07 

Caroline Henry fiiiiil-^.. ---- — 01.W4 

Bru™ Hufrhw fuml_ ---—— ----- Oo^l. 50 

lit. W. li. AlilMhtt fnnil-^,, —__ 243.2fi 

Hamllten fiinil^ -- ------ 17H.50 

ilmTlnuiti iniMt fiiiiil ------, 12, KOfP. DO 

I[|H|]:ktTLH fllUll- --. fl, 

Alnrrlpi l4x4i fiitiil —---- 1,0%1}.+35 

ilard^li-llmrleo DXiHHlftlon fiiiiil_..,__„^ ____ 1^000. 0i> 

NnUiitLKl itiilkury uf Ait liiillOln]; iiliirw f+antl_ , ... U ooil. 0|i 

4 S'ortli Amerlrfiii WJIO riiswere pulinititiDii fuiitL _ __ l!^,{KMi.i¥p 

T,qry T. aiMl Georce \V. 1‘iwre fund. -_ ._,. __ ^ 

AtliJli^flti T. Etefil fniKl^ . . .. M. r-^-.M-^^--. ^ _ _ IP^II 30 

BlteeH fwnO — -— -—-—^____ 4ft. fiO 
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—LVnilinutKi 

EfT^t^iirch (.'tifiM/rn114m. fiimJ - -.-,. $1,250, Oil 

W. A. Ltlh.^liUiiJt iJjlfcn*nilfciuJpiU IuIkI ---- 

rieiirjio (Vr !^jiiV>inI ^ !.^ 4ft 

HtHrh'it I), ami Murj Vfloi Walnut fiunl - 720.00 

Jipliii A, JiodbHna tfulii.r reward'll. i?Uv,| fiiiiil-.- ----- - 24, lOJi. lO 

GciiL^ral cmiDwiiii'Ut riiaO --- aft. tMI 

llcKCtiri.'Iii*'.4 III -- --. I, TiOUJi^) 


TfitiiL._„, 


111,010.00 


Ex|»cn<litarct4i 

Dr. W- Ablmlt n.'.'warvU ruiab Tur I1 i4e 1 ospfn>«»?*, etc*- 022, 22 

Averj' fBHO, inVi^iHiutl _— -— 2,01)0.00 

VIrjrfnIa Utirdy hAnm liivpAttMl aad L'xiicndtNl™ — ^ — SpSJO. IM^ 

Lm y 11. Ualrd ftiml, luTeNtc^l-,^ --- ^ -- IH. 00 

UliajiilPi^rlaUi fiimL fur —- - — IpiriT.OT 

ITarrlmaa tripir fnmJ, fi^r rs^sHinruln^i inid *Hj>i-i-Imk‘iisi- lOi, 1*15. 20 

Uflr^ilae llt^iiirj^ ftind, Sat‘ejittid'__.._ ---- 51.00 

}fi:Mli;lLin.ii faiiit. ... - — 3, 551. 00 

Priu'^ IliigluM^ fund, —— 0rt5. DO 

jMarsh-Darirn r^irpeilttioii fond, cs^peftded- 1+000.00 

Murripf L(M>b fund, Sn%e?iliftl and usjienilif^^-- 0^000.20 

Nortli Aiuerltaa WUil Ftowerw puOlknfEfiD fiitiii for 10. 50 

Lur>' T,. aiiEl UviPi'^* W+ r(niro fuad, iavwlcd nm\ —- 5, iialT^lS 

AdilitfCPU T. Uvh\ fuiiil, lavciiEeit -- ---- 500,00 

Ciitpiimtlnti, rtrtktht illv<^^lI^;al juu _ . ___ 1, UODlOO 

lllieps fimtl, Ihi'c^IdO-— --- . - 30,00 

John A. Uoddliaj; ^hir MrfOnJVh, fund, c^isuntliHl _ 24,150L0rf 

W, A. lli>«-blKug intiifmlii^cui fund, exta-mletl —-- dllk 13 

ilwn;a K+ Kantoid funil, hii'i*i(Li^J __ == = Tift (MI 

ftwak^ fuiid, for r^itecSmun)?^^ ____ 53&. GO 


Tdtiil ____ 58. 501. T2 


BiM.;ErPTS Kii^K3; inrrufis r^sTAi^srsc to tup^ i^’ie.mct.kk i_ i~aJdcR BiH|tiiti4T 

Itarolptii: 

Ifiicrtait dlvrESeritL^H imd mij#eidtaueoD,B roc^nliPti!, Includiii^ ia- 
i!FmDin{?-xi(H 4iii (ificii! Lnkoo Kip;xiCLv«rtnj; fn liiiiililntlDn- $21^+ 440. fiO 

Exitf^udlturcm: 

i’^rcZnuw of Mrl (diJiHEiLH, siuyinoiil of milarkai. iiuil nlh^r h^ktuI- 

iui; ijf thu ipillcry^ liiidudhai^ ndavc^titiont of fuiidH. t51«(>!30. It 

|tiVf<^tnionDf in («liitTnE fntuit inidudtpK hiioir^tt --- T40jyrz,04 

ToeoI e^cpofiiJiturtsrt ___________ 231,708, OS 


SOM >1 A»T 


He».TLd(pi*: 

c^rUtnary Ineomt^ for ^noml (dijecia, liidnilin]: cnsli IpiiIudc? 

at bcF;in]]Ln(^ of ygar . . . „ _________— 

llt-voiiue aad prliiL-j|Pti 1 of funda cjonvifj’i'iJ for spcHliu pllrpiM€>«, 

^pKc:;f>pt the Frror bvfijtiqst__ ____ - 

Freer liequi^t,.- ------ 

i*a»h rocalleEl from Hum d^po^lra _ . .. _ 


.$T2,mr>0 


01,310,90 
234, 4^10. 50 
34. (MMX m 


Total 


432,92GlO0 


20307^ 


til 
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qbjeetfi of tli* Ic^tltutlDn- 

Specific pun»«ts» except Fwe l*eqiieat —.. 

Ailvfitireft for fluM eipenises, etc- 

Freer J>aiucflt_^ ^ ___ _ _ — - 

C<iaU biUunce June 30. I0^i4—- - 


m3t;0.03 
58.301.72 
A, 130. L2 
;^i,7Rao3 
n, 565.16 


Tntal___H,_ 432,025.03 

All payments ure mude by cheeky signed by the Secnjiarj' of tfic 
Institution^ on llie Treasurer of the United States, and all revenues 
are deposited to the credit of the same account, except in some in¬ 
stances small deposits are placed in bank for convenience of ooliec:- 
tion and later are wUlidrawn in round ampunts and deposited in the 
Treasury. 

Tlie practice of investing tein|>orarily idle funds in time deposits 
has proven satisfactory. During the year the interest derived fioin 
thi8 source, together with other similar items, has resulted in a 
total of fl,014.Gfl. 

The following appropriations were intmsled by Congress to the 
care of the Smithsonian Institution for the fiscal year 1D24; 


Bareau; 

laterEinUniml Kx^lmuge^, - - — |43tClC0 

American Ethaolggy-—--—-44, OQO 

lateinatliaial Cataioffue of SeienUfic _- 7, 500 

Astrophjrr^U'itl Oboervalory- --*--—. 15,500 

National Mil^om— 

Foraitare anil flitawi---- 520,000 

Heating aad UglilLug^-- — 7lX<>00 

Praselratlon of ciolLeetloaa — ---— 312, 500 

BaUUlng ---- - 10, OUO 

Books .. . ——-—-- 2000 

postage __ __ —-— 500 

- 4t5,O0O 

NhUouhI GBUer>’ of Art, - - -- . 16,000 

National Zoologinll Park^— —. . . —-— 125,000 

Increase of cciinreaMatlon_^^— --—--- — -- 112,104 

PrlEtlng Btiifl tiladl ag -- - - ———- . 77,400 


Total---- 850,104 

Kespectfiillv submitted. 

Geo. Ghav, 

Hen bt Wihtf., 

FaraFRic A. Delano, 

£»ecutiri! Committee, 






























PROCEEDfMGS OF THE BOAW) OF REGEMS OF THE SMfTIh 
SOiMAN fNSTITUTIOS FOR THE FISCAL YEAR EiHEl^ JUNK 
30, 1924 


AITNTJAL M:EET1NG, DBCEMBZB 13, 1903 

Presents Tlie Hftn. WUlium n. Taft^ Chief Justice ai the United 
States; Senator Henry Cabot Lodge; Representative Albert Jolm- 
son; Representative E. Walton Moore; the Hon. Geoi^ Gray; the 
Ilom Henry White; Hr. Robert S, Bl^kings; Mr. Irwia Laaglilin; 
Hr. Frederic A. Delano; and tJie secretary^ Dr. CliarJes D. Walcott. 

Judge Gray, as temporaiy^ chairman^ called the meeting to order. 

KLECTIOX oir A cuanceijjdh 

The secretary^ «aid tliat the office of cliancellur, to which Mr. Cooi- 
idge was elected by the board during his incumbency as A^ice Presi¬ 
dent, Imd been vacated by hk elevation to the Presidency, Under 
the law qt^nizing the Institution (sec. 5582), Tlie regents sliaU 
meet m the city of Washington, and elect one of tlieir number as 
chancellor^ who shali be the providing officer of the Board of Regenia;. 
and called the chantscllor of the Smithsoiiian Institution*” 

Senator Lodge ofTei^d the following rcsoUitioni, which was 
adopted: 

Remlrea, Tlmt CliJef Ji^ticc Taft tie declwl cUnncelliir of the ^^mltb^onlan 
tp.^itatJDii. 

Arr(u NTME>’T or recent 

The secretary announced the reappointment of Senator Henry 
Cabot I.rndge as a Regent. 

RESOtmOX RELATIVE TO INCOME ANU EXPEXDITUUE 

Judge Gray, chairman of the esecutive committee, presented the 
follow'ing resolution, which on motion was adopted: 

Tbat Uie Lcinnnie of tiie In^tatiun for thv fiLfiail rear eniUnK Jane 
30, bu apjirofiriatca for the Herrlcc uf the Instltattuu, to be expenilcU by 
tiic Mecrelary with the advice of the csocutlvc mnjraUti'Cp with fall UlAcrelioo 
oa the part of the secretary as to jteni«. 

ANXUAL aErOHT or THE EXECtmVE fXlMM ITTEE 

The secretary submitted in printed form the annual report of the 
eseeutive committee, giving a statement of the financial condition 
of the Institution for the fiscal year ending iJutie 30, 1923, 
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12S AH^VAU MEFtvRT aMITllSONLlIi ISSTTtUTTON, 1924 
AXNCAJ. KEl'tiBT OF THE TEitST hXX liS'T COMMITTKE 

'1 he secrctarj^, on behalf of the percnan™t committeuT 
report, as follows: 

iltidifkin* flnrf kfivmUfff fundM .—Wotk Itt trontLiniLiiR s^leitdlly iti Hio aolAe 
niLllnl1<iu n?-.«airt:lac'S iNflnK wjndactefl «si Uie Moiit^Kinno 3«oantftlJi, Chile, un- 
i\tT nn niiiiufll pm at id J5.fj(X» from the llijtlgkhwi fiani-, Mr, Jotiti A. 
huH iiddL-d pDiieiYiiUHij- le hbt eontrlbUtlHiirt to iikl Ihc irork nt thin iitEitlon, and 
Bleu) Bt the oac un MutttiL [[nre|im iUUi. AtIz. Tltew reMDJiinhM are being car 
Tied cm UBder the tllnH.-tioii of Dr. Charles G. AldMit, nHisintaut RoeretaTF of the 
institution ttnO dlreetor of tlie AMti-ophyi^lcal i Sbjiervatorjr. 

Freer fcrgufjif.—The halaiu'e uf the lourn of uuiile to settle thU estate 

WHS iwiiil ilurlng the year. 

Id vle^ of tlic fact Hait Use Freer FonnilntUai Is Liivest<Hi entirety In Parke^ 
linrls A Co/s stock, the jaTinaneiit committee twhk up the uiaEter of aafemmrd- 
Inp 11-^ prlindiial and Inuiinn?: aiai Bfler fiirnfiil i^nsklerntlun. derSdnl hpaa 
whhi uiay tcnuetl n sinking fund, hy whlrli itmt port of the liicome In es- 
ipf h per cent on the value of the fiUimlatlon nt the time of Mr. Tretar'a 
death is to be reinvested in hlpb^la?w secnritles diid reui-estate uiortpascH 
iindl HM aujuuiLl i-^ixml to tiie oriplimi fciiiiiiloihui La ruarlied. 

Poore 6eyfUtfjit.'”?^epotlntloiiH are now^ tHuidhig for the sale of several of the 
lots in Lowell, m^lved under this tosincs^t, which will net the InKtitn- 

tlL»ii atmat $],rrtXl. Tim remaining lotii will illHiu«iCHi of pin otai^^HtmLly ofTera. 
Sliiw tlie lani uiLNL^tlng of the bciard the dty uf I^wuLL has ntn'oed to uhote Uie 
mscs on ihiH prtP|MTty. 

All the other funds prevhmsly detailetl nre tn sonnsl ronrlltlon ond arc slowly 
luit steadily inereasinp In rnliunu throngh the aildltton of thulr eartiings to 
I he prltici|Mih 

The ccnisMillilatsHi fund, which isunpriswi iKhiaests ami jdfts to the TnstltU' 
tloii in nchMUun to the deposited In the l-nltetl Stales Trenpary in 

ni'conlnhiv with Ihc E»rgnnle m^t, aow nmounts to ^ltkl,fl7Ui,2^?, 

Sfet hirrAItT'S AN Xtj Ak reptakt 

In submit tin;! liLs finnuol retjort of tbe opc'rations «f the TnJ»litU' 
tidii fur the Jiscal yenr endiog June UH'. ISliili, the s>frrclar>’ stated 
tliot tlie publirations of the Institntiun are iL-i chief menus of carry¬ 
ing out one of its primary fimctlons, the “dilTusion of knowlrcigo 
iimoiig men.*' SiiKX! the last nnniml Tueeting of this lioard. in ))ec«m- 
l»r lUia, ttic InstitiUioii and its brnnciies have issued a total of 08 
piiblii'Ations. bi>th voliiiiii's and pampblets. Of this nitmlicr. 40 were 
published by the Institution i>rti]Hjr, 44 by Llie Xationul ^fusoum, 4 
by the Bureau of American Kthnology, uiul 1 by the Xiitionul OiUlery 
of Ai'1. A largi* |»urt of tbe ixlition of each uf these |}ubli cut ions is 
distributeii free (o lilimries, erhieational institutions, iimj stiecialists 
throughout the wnrlii. The nation-M Lde [Kipulitt ity of the SiiiltU- 
soninii Annual Ueport is ittti*wlepl by the fLt<4 llmt a CHtaloguer in the 
oHiec* of the l>ui>erintendent of Dociiinents has plat'od it tirst among 
nil pulilir doournents in niimbor of requests from libraries to riicclve 
it. In connection with tlie publications, ihe scc'n'taty culled atten- 
tion to the iiiiulwpuiry of the funds a rut I able for printing- 
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AsyuAh um>irr of the nation at- GATJ>ifiv tjr Am' 

Thii third nniiuul meetinjnrof the XittionaJ tiallery of Ait Ooiiiniis- 
Sion wfts ]iclj December 11, The iTHj^Ttution of Mr. Daniel 

Cheiiter Frenrli as cliairmiiii of the coTnnftHsioin was received and ac- 
ceptciiJ with rep-et. and (lari llelchers waft elected chairiuan. 

The report of the secretary of the cominiii!:i.tm and director of tlie 
fifallery preiseiited e review of the activities of the "ullery for tl^e 
year, and reports of the standing and si^ecml commiltees followed. 

In HiHponse to the lt^solutiun suhinitteil hy the Ite^^ntST Febroary 
requestinfr the commissions consitlerutioii of the su^j^He.qtion 
that a niiiseiiiii of architcM^ttire Iw fouiuled in ccinnertion with the 
Institiitinn, the frdlowin^ Tesohitiofi was adopted: 

Rc^olvcth Tliat tbe Xiitloiail GnlhTj i>f An t'fnaaiEfi&^lou iLH-onoiieiTa to itic 
lieiReats af Uie SmUbfirtalan fTtstltallfla tbe liitJiwlpai of a OIvlKkni ef ti*H- 
nirical arebiEurtare in Ibf^ Xalb>cinl tlullery cif Art. Tlie illTl^fon !iiiu|i1il 
ta e^latflUb Ktautlarda la ajm^hitcelore, fariiltare^ mid bo^d.si.'aifee atL-liLlecturct 
for tha iHiboat of anideatB and tiLbors iutoro^tGuL in the preservutloo iif lbt» 
blHtDrJd balldJ:ti|:%$ of Ajnorlcn. 

The import lint [nob Jen i of a niiliona] gallery building w^as con¬ 
sidered and assurance given that the bnihling phtna would lje pro¬ 
vided for in the near futin^ 

A lesoliitinn w’as passed recommending to the Hoard of Eegents 
the election of Mr- dames E. Fraser and Air. desejdi Breck to Bll 
vacancies eanwd hy I he resignation of Mr. Dsiniel Chester Fitmeh 
and the deidiiintion of .Mr. Denmari W. Eoss. 

The commi:^!on also volet! to recotiiiiieritl to tiie Board of Regents 
the election for the full term of four yems of Mesiira. Edwin IL 
Blush fie Id, Joik^pli IT. (jest-j and Fniiifc dewett Mother, jr., their 
two-year terms having expired. 

After discu?®ion, the follcnving resolntiuna were adopted * 

ffr^c^fccef, Tlmt the IkKird Ltegente ef tlie SmichEwnlaii In&tllulilan approve# 
in iirlnclplD the rectamn^'nilntiDii nf iho Xatlnanl GaLlcry uf Art CammlBiriisn 
that a illvhfluii ut btfttisrlEal prrbltectare lie ewlnlillfihetl In cannectien with the 
NatlonuL Gallery of Art. 

Rctoircd, Thill the itearti of Re^ent^ of the £^mldisioa|iiii tiustitatloa beretir 
electa 5Jr. danicK Jtl Krawr nUit 5Jr. J<iBC|ih Breck sis aiembeni of the commla- 
alon, to fill the vacaneb^ iaiU4^1 by tlve resirniatlim of ilr- Daalel Chcsler 
French and tise dc^^nnatluii of Sir. Denman W. Ito«3, resiM.Hjtlvelv. 

Re*otrtid^ 'ftiut the Ibaird of Ri^eEktB of the StaJUuioalaa tn^iatloa herebif 
etecta SieHin?. Kdwin 11. lUasbfielil, ioeepli IL GeatT and Frank Jewett AJatber, 
Jr., na metolM^rB of the Xatbmnl Gnllerj of Art CoTDiniKiEon for tbe full lerui 
of four ^'earpt, tiielr areTFeat two-year terms bavins expired. 

.’Vrr.MORLVl- 'ItJ ALEXANDER OR ATI AM BEIJ- 

On behalf of the executive committee, the secretary snbinitted the 
following report: 

Dernuan 13, 1023. 

GicHTf.EUKv: Tlie executlrp cominUts?e, {le»igtiateil by the Bonn] of Itefrears 
at ib< annual mi'etina on Det^enitior 14, to preiiare for tbe records of the 
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Ihhflrcl n brUyf luDiuurlaL i.HjiiimenioruHii« the life utiil Wt^tV of Boll* a 

fortHor UceeJit ef Hio liistinitJoii, Iicks to isnbnilt rbo following: 

“Al^i^u nili-r Cj mho ill BeU, (liHTtor Qt phSluis^phir, sloctnr ef o mchidbcT 

ifcf I lie HfulPii uf HjO«ottt.s of the S^lUh^ic^illatl in.TtltaUoia, was Imm March Jl, 
]S4i, ftl KiUitbux|£h, Seollaiid. 

” I>w:tor wflii ap^iH^Intti2 il Kosem oti Jotioary 2-1, l^S, nmJ tserrod uiitli 
Fehriiarj* 20, 1022. DdiItii; thiw eoilre period of 2J he troa a member of 

the ejci!cudve and perirmnnnt c'OiiiJiiilteeft of die hoard. Vi herp his aoimd jadK- 
meat aiid tI|,io oiperleow were of ^real as^ahitaiica to hlK awioi-iou^. 

‘^Doctor IjEeirn Interiwt in the work of the Smlthaonlfm ImiUtutlon liegnii 
mtmj years iTcfore bla appointment as llegeht, his h| tidies la acoastlca par- 
tletilarly haYlDj;^ been the snbject of niony con^ltatloDS with Swrotary Lloory. 
I#ater, In 18SI| when Samuel P. Lau^ley was elected Fccrotaryt be resumed 
Ilia lutlmAte though uueCBelaL relatiouK, ms evideaeod by hL^ gift of In 

ISO! in connectloD with the developtnunt of the AstropUjslcal Ohserratory. and 
hi-f helpfuL Interest In the nerodyuamlcjil researches of Setrerary Langley, It 
was Doctor Bell ^ho made the only succLvsftil photogtnpli of the f^nglcy 
model In Itn Orst JlJght, ^lay tl though at this time he was luJcpciiiluatly 
eaudiietio^ eitmiistlve capcrlmenta^ In this new seloueo. 

After be l»ecftino a Regcuh Doctor Bell wam Hhewlxe actiTe In fc^rwardfoit 
the work of the Institution In many directions. Amoui; the uotahle matiel^ 
that purtlcolarJy engaged his jK-nHiaal attention wore: 

His Toltintary aerrii^ la rmunferrl hr tlu? rctanluii of Jornes Smithson^ 
fuuuder of the institution, froDi the Eii^lUh cemetery at Oenon, Italy, to their 
dual lesttuR place In the Smithsonian Bull ding; 

His mutl^tiiiii thnt resulted in the eslahtlshment of the l^iriRley medal 
in connection with the derolopmeiLt of artatlou; 

" nifl InNnni nfl n member of the romailltee on award of this mednl; and 
*" His historical adiln'^s upon Secretar>' Langlc/s discoTcry of the principles 
of arlatlou, delivered Februarr 10, lOlD, at the presentation of the Laugley 
medal to Ita first rccJplantSp the Wright brotherA 
*■ ihxtor IloU bad reached a. high eminence in tlie sclontlhc world long hcfiicne 
his cotine^rtlon with th« Institution. The history of liU AnhEevoment^ la too 
well kjiowii to lie repealed heret but It hi peopcf to ipentlon his Ihyeution of 
like telephone; Ills great ivf*rk In the physloLogy of humuu ifpeeirh tlint uuiile 
it possible for him to teneh the deaf to s|M>ak; cind h|s invent Lon of the tele¬ 
phone prolie for detect lug the pn??*erkce of bulleis in the humnii body. Ho was 
a Ikcllever In Reogroplilc research and was ohe of the founders of the National 
Geogniphle Society. He was a memhiT of the NatJnual Academy of SLc-L 
euccfl, and of other uathknal nnd International learuml orjmulantlons, iind wua 
the recipient of many medaLs, degree^, and olitor honors as u man of great 
fK'lentlhc achlevenienir 

Thkctnr Bdl had n strong phyaLque,^ hut the strain of many yenm of Intense 
endeavor made Itself felt, and he found it necessary to give up much af his 
work la the last y^irtr or two of hUi life. Hla wenkncsa Increased until the 
end enme iin August 2, llMS, at hla ku miner home near [faddech, Nuvn Scotia. 

" A lex under Graham BeU was otic of the outstanding men of bis time, 
nnd bis death hmtight a highly useful career to a close." 

Ilespectfully submit IH- 

Bnojicit Gilvv, 

HE?(aT WHtn; 

FntoEaic A. 

Frt^Hve Comniifirf, 

On nidtinn^ tlio lueiiiorlal was approved bnd ordered to be Bprend 
upon die records of tlie board. 
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rltOC'EEDlN'GS 0>’ THE HEGHJiTS 
!L.\DUI CKf-EliRATIOX OF ^OSEI'B ITRSKv'S BlUTaPAT 

The secretary called attentioD to tlm birthday of Henry, first ssc- 
retarj- of the Smitlisonum Institution, which is to be celebrated by 
nulio on Decciulier 17. The occasion will be tibsen’cd by appropri¬ 
ate addresses broadcast from the stations ut Troy ami Schenectady, 

N. Y. . - „■ 

Joseph Henry was l*oni at Albany on December li, 179&. His 
first studies in electricity boji'an in 1827, while be was a teacher in 
fhe Albany Academy, and in tlie cemrse of his rewarches ho tituis- 
foruied an inefficient piece of electrical apparatus into the powerful 
electromagnet, and laid the foundation for the most important dis¬ 
coveries of the century. He made two distinct forms of magnets; 
one capable of escitation at a distance, called the intensity magnet, 
and the other having possibilities of infinite development of strength, 
which ho nutiied the ‘"ijiianlity magnet." 

Before Ileniy, the strongest form of electromagnet known could 
lift only 0 pounds, but after a few months of experiment he pro¬ 
duced one which sustained 30 pounds, lliis was successivelv fol¬ 
lowed by others which could support TfiO, S,3C0, and 3,600 laiiiinds, 
Tlie intensity magnet was the forerunner of the modem telegraph, 
and in 16,31 Henry transmitted a current through u considerable 
length of wire and succeeiled in ringing a l>plb On December li, 
£12 years luter. this identical bell will be rung during tiie ceremonies, 
and the sound will be heard by listeners throughout the Unitetl Statra 
and probably across the Atlantic. Tlie bell now a treasured relic 
in the New York State ituscum at Alban 3 ’. 

'When the Smithsonian Institution was founded, Joseph Henry 
was selected as its first secretary, and his plan of organisation for 
the new Institutiou was carried out. His broad-minded policies en¬ 
abled the Institution to become firmly c^tablislied, and (limugh its 
stated purpose, “the increase and diffuaioji of knowledge among 
men.'* to attain a world-wide reputation as a center of scientific ac¬ 
tivity ill America. During Henry's term as secretory (1844>-1678) be 
inaugurated the sj'stem of dailj’ meteorological observations and re¬ 
ports which developed into the present United States Weather 
Bureau. 

EiPEDITlOXS 

Archftt^oyifal i'^rp^dition io f7Aina.-^The archcological expedition 
sent to Cliina Inst February under the joint auspices of the Freer 
Gallery of Art tiud the Museum of Fine Arts, Boston, atiJ under the 
immediate dii-ection of Mr. Carl W, Bishop, associate curator of the 
Freer Gallery, seems already to have paved the way for a far better 
iippToaeli to the problems of Cliinese archeology than has ever e.v- 
isted before. Sfr. Bishop^s firat duties have been to make clear to 
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mtere 5 t( 3 r| Cliinese tilt? spirit ntid purpose of the exijedition, toeKtitli- 
lish amon^ them a feeliofr of conhdonee m its intep-ity and fLbilif\\ 
and Ui oi'i^anizo a srlf-siistiunini^ archeolopficnl society of niitive 
scholars which shoiild have the ofUckAl sanction and support of the 
Chinese Governiiient in iiU its undertakings* These delicntr and 
difTicidt tasks Mr* Biahop has pmsccutc^l with an extraordinary 
deprrec of skill and success. The archeologicnl gocietyj with head¬ 
quarters in Peking and memliership cotnpo^il of the most induen- 
tinl scholars and Government officlalw* has already made arriiniTB- 
ments with the authorities for the expedition to undertake the exca¬ 
vation of two highly im}H>i-tant sites, on the iindei-stanJing that 
while the records and ref>orts of the operations shall bo at its disposal 
the material ^finds-" shall 1)0 equally divided between the Chinese 
Government and tlic expeflition. 

Mr, Bisliop also has been foiiimate enough to neejnire for tlie 
expedition several fine exiinipleEi of Chinese ai't, but it is his success 
in establishing for the first time a tnily cooi^ei^five relationship 
lietween Chinese and jVmerican archeologists which muF^t he thought 
to justify the expe^lition. even had it accomplished nothing el^ic, 

/ihlogicitl evp€dUi&n to C/iino.—Tlmiugh the continued generos¬ 
ity of Dr, William L. Abbott, of Piiiladelphia. an expedition to the 
Yangtze Valley* in China, was arranged for the purpose of obtuin- 
itig speeiiiieru^ of vertebrates peetdiar to that locality, and Mr. 
Charles Hoy, wlio had previously explorc{l in the central CUintt 
regionT left the Cnited Stales for this pur|KR4e in DtK:cnil>er^ 

1 greatly regrtd to rc]K)rt that in St^ptendier, Mr, Hoy was 

seiM?d with an acute attack of apjieriiliritis and that his cleath oc¬ 
curred on the (Jill of that montlu This is a serious loss to the Mu¬ 
seum. blit, thanks to I>oetor Alili«>tt. arrangements liave Wen made 
to turn Mn liny's adjecting and field outfit over to tlic Hev. 1>. C, 
Gralianu of Suifu* frf>m whom sevenLl valuable sendings have lieen 
received, and wduk is ctmtemplaling extensive excursions into the 
more interesting and little known parts of Szechwan. 

Doctor Ablx^tt'a generosity has Ih-cu frei|nently called to the atten¬ 
tion of the Ipoard* large cxjutrilmtions having been mode by him for 
the exi^editions to Bfjrneo, (VdlliCK^ Australia, and the present ones 
in China, in mldition to which he has given largely from the results 
of his pi^rsonal efforlH in Haiti and elseAvhere, 

Alberta and lirUish umbra. —During the stiinmer and fall of 

l^^the Bccix?tary of the Insliiutkm t-arried on giailngienl field work 
in tlie Canadian Kwkies in this regioiu Thh work wiia in continua¬ 
tion of the opi^rations of the prevknts year in die main range and the 
western minor i aiige^; that foi iit the great eastern wall of the Colum¬ 
bia Uiver Valley fnmi (joideti soutliwurd to Ko^jtyiiay Uher* 

'I'he KCa-^n was favorable for gadogiiTil work, ami a large aupplv 
of material W'os aeciired whidi will l>e studied later. 
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RKORGANia^vnON OF OOVT.RXMENT DEJ*A irTll UNI’S 

The secretary s^joke of the i>ropofrRHl reOt';j;uiilziition. of 
DeparLmcnt^f nmler which it was proposed to include the Sniith- 
$anian InstJtntinn in a Department of Education. 

The following conskLe rat ions were mentioned among othei^: 

1. A large part of tile success which the Institution has had in 
carrying on anil aiding rcseaix-h work has lujcn due to ihe fact tluu 
varying political fortunes have iio elFcct on its direction* Its ^«cre- 
tary is t^elected by tlae Uiam! of KegeiiLH [>rovrded for in I he act 
creating the Inslilutiom It is thus enabled to put^ue a delinile and 
continuous riolicy which is unaffecled by political changcii, 

2. During the TT years of its existence as an inrlependent estabbsh- 
iuent the Smithsonian Institution has accpiired n reputation and 
standing throughout the civilizeci world us a center of scEciitifin 
endeavor in America.' To place it in the position of s siilK>rdiriate 
nicniher of tin educational dcpartnieiil would impair its standing 
and relegate it to an unimpartunL ptisition far fi ooi the iiitcnKon of 
its founder, of llie act of Congress estaliUshIng tlie rnstiEiition* and of 
those who have alnce made large gifts to it, prirndpally k‘cstuse it 
was irLdepeiideitt of |K>Ikieal and seetanan clDmiiiatton. 

3. Kreetlom nf action, one of its chief assets in various srientiKe 
Activities oikI in iritermitional undertakings* would lie eiitindy lost 
if the Institution were placed uinier the ad minis t nit ion of a political 
unit of the (.lovernnienL 

There wits a veiy general expression of dbiupprova! of the pro|>cised 
plan. 

NEED OF AS .vnOfTlONAU ASSIST A ^"T SKCRETARl' 

Tlie secretar}' stated that there waa urgent need for Lite provision 
for an assistant secretary of the Sniillisonian Institutioiu to U' 
charged, under the dti-ection of the secretary^ with the administra¬ 
tion of the Kationnl MuBciini, Art Galleries, ZtMilogical Park, and 
the Bureau of Aiuerican Ethnology, and with such other duties as- 
inay from time to time be assigned to liiiii by the ftecretaiy* The 
care and development of these four branches inAmlve tho employ¬ 
ment of highly trainrtl specialists and their assistants* and the coonli- 
nation of the activities of each gmiip with tlioso of tlie other groups 
and also with those of research and teelmical worker!^ in tli^ great 
Government bureaus, such as timse of the Agriculture, Interior, nnrl 
Commerce Departments,, and the great research institutions and uni¬ 
versity lalMJi-atories throughout our country and in foreign lands. 
Such coordination i'ef[ujres the InitiativeH, guidance, and constaiiL 
supervision of an able, well-trained, and esperienced broailly cub 
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turefl scientific luan who must also Imve considerable adminismaivo 
ability. 

After full discussion, on motion, the following resolution was 
adopted: 

Aeioirei, Tliot Uie Board of Reseot* of Uic ^mltliwalaa institution declare 
tie need of an ndditlowil osslstaiit secret«rjf of tie BmltbSQtilan tnxtltUlloTi, 
wioae salary stiall tie provided for iy conereaaloual nppiopriation; tie anld 
Awlstant Accretury to be clinreed with tic ndmlnMratliHi, under the illroctlJii 
of tie neeretary, of the Notional Museum. Art Oolterlca. Zooiueical Park, and 
Bureau of Amerlmu Rtbnoloffy, and with nnei other duties as nwy from tlnm 
to time he assiened to him by tie secretory. 

ntTANCiAi. orTixiOK 

The secretary spoke of the urgent need of a larger endowment fop 
the institution; that work of the most important character w®k 
being held back for lack of fiintis to carry it on. 

The secretaiy presented a supplemental statement giving a brief 
r^iin^ of the activities of the various branches of the Institution 
during tlic past fiscal year. Tlicsc will be described more fully in 
the annual report for 1II34. 

TtFOrn f-An. HPLETING, TEBUnABT 14. 10K4 

Present: Senator A, Owsley Stanley; Representative R. Walton 
Moore; Representative Walter II. Xewton; Mr. Charles F. Choate, 
jr.; Mr. Robert S. Brookings; .Mr. Tnvin B. Lanolin; and the sec¬ 
retary, Dr. Charles D. Walcott. Mr, Otoate presided. 

APrOINTSlKST OP REGENTS 

The secretary announced that the Speaker of the House had reap¬ 
pointed Messrs. -Albert tlohnaon and R. Walton Moore as Regents 
and had filled the vacancy caused by Mr. Greene's election to the 
Senate by the appointment of Mr. Walter H. Newton, of Minnesota. 

BUltdtlNO FOK .\RT AND illSTORT 

The iiecretary spoke of the proposed building for the National 
(iallery of xVrt and History, displaying sketch plans of its general 
outline and its location, stating that it comprehended a building 
somewhat over 500 feet long by 300 feet deep, with an elevation of 
about 80 feet. He quoted the act granting the use of the site on 
li Street XW., l)etwccn Seventh and Ninth Streets. 

ARCBITECT FOR ART AND lOSTORlT BUTLDINO 

At the annual meeting of the board, on December 13, 19BS, the 
National Gallery of .Art Commission reported that provision would 


PfiOCEEDl^GS OF THR 


135 


l>e made in ih^ naar future for the jirepaffttiou of plaJis^ for 

the propCKjed new building. The commi^on met reeeiitly a^ud re¬ 
ported that funds for the employment of an arehiteet had been pro¬ 
vided by private contribiitionfi from 13 persons to the amount of 
flH,O00p The commission^ having canvassed the names of a number 
of American architects who bad been suggested as tpialitied to pre¬ 
pare the plans, recommended the selection of Mr. Cimrics A. Platti 
whose selection was approved by the Board of EtegenU. 

After discuss!on^ a motion was adopted a]>pointmg ilesars^ White 
and Delanoj of the Board of Regents; Messrs. Adums, Meicbers^ and 
Gesit <^f ^be eommij^iort; and ibe secretary of the Institution as a 
qommittee to collaborate writh the architect in the preparation of the 
plans for the new bniklingi 

jiCKNo WLmxjM Esm 

The seeretai^' read a letter from till be rt IE. Grosvenor e:cpress- 
ing the appreciation of the family of the late Dn A. Graham Bell 
for the memorial adopted by the board at tiie annual meeting on 
December 13 last. 

SPECIJ^L JUITE 3 , 1024 

Pjijscnt: Senator Honry Cabot I^odge; Bepresentative Albert 
Johnson; ReprcsentatiYe Walter H. Xewton; the Hon, George Gray; 
Mr* Henry While; and the secretary, Dr. Cliarlea D, Walcott* 
Senator Lodge presided^ 

^CTilDJUTT rOB CALLING SPECIAL MEETINGS 

The secretary explained that the fundamental act provides for 
calJing special meetings at the request of three Regents, and that 
this meeting bad iieen called by the executive committee and ap¬ 
proved by the chancellor. 

ADDITIONAL ASSISTANT SISCBETAUV 

The seciietary brought up the matter of an additional assistant 
?5eriTtary,, explaining that at the annual meeting <ui December 13, 
1923, the Board of Regents adopted a resolution declaring the need 
of such an officer* whi(^h had been commimicated to ihe President, 
With the PrtLsidenPs appro’^al, the Director of the Budget s^ob- 
mitteil the request to t.\>ngress, after the Emersonne! Classification 
Board had put tho position in classy G* The Appropriations Com- 
miltee fixed tlie annual sslaiy at $6^000* ami the item was now 
included in the independent offit^^ bill tinder ^^Smithsonian Insti¬ 
tution 
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Eynat^sTES rm national zcw^h^ucal park 

The ^eciTtiiry tlmt— 

I-^Uimiti^ arc tit jarcs^cJat jsiihntltteil liy the Nmlth&iiiitmi IxiatLtatKm lo tlic 
Itlytrlcl UtmimlssEoiH'rf^ Mi iNJliy is fnrwiird^'il direct t» (lie Bnremi cf Un? 
l^udget) far InclosiKiiiD In the PSiitrlct of Culumlilii eritinniles- T(tp CiiiniulBaloRett 
furn-jitHl thtw to the Hureaii lifting Builsct with ntl ntlicr cwrinsnto* Intended for 
the Dlgtrlct of Uohitiihla ii|i|>ropriatlon hill. The Dln^dtir of the Budj;et 
returns ihc t-omplete ewtlmntcs to the Mlf^trlct t'omiiiJiiiShiners with a state¬ 
ment ns to the mnshinitn flsturcH that will lie nlhiwed the l>isk rlcl for ttiv whole 
hill. It ts the duly of klie etFiuniEi^loiieni to rttlUL'c the eHtlHLEites to thEs 
Itj^un.^ and return to the Uiiretiii of t1w Hudaet. 

Tho District romnjlBaiionerft ImTc their own trouldes nud orisont rettulre- 
nH^mta, nncL sln^'e the Etlhdinent ninde In fnr under tlielt- mvu e^rtlimites* ft Is 
Muly iiitturfil that they slnnild j:Lvo first <*en. 54 deiratlon m ltetu« for which 
they lire directly re^rtniHlhle—streets. Hcwers, lire iind fKdlee intdeclliw. 
s^dKHils, etc. In the Hire#* years filnec the Zonlin^^leal l^jirk hits Inelude^l 
III thi;> Disirict bill, tio heating ut any kind have }mrn ^Wetk tfic EuKtiruthni 
oil the Zi3n estllimteH hy the iHslr^et UommlHshpiiors. For I wo y^ars tli^ 
I'slluintes wei*^' siinkily n'llucf^ to the tljoires for the iirevlnua year nii^l re- 
turned to the [linl^n without the Instl tut loti kno^kii^ itin amuiitit thus 

ftpiproved by the mmuilEjslottera- Thi* ecptniuLtfsEoucnn even chaiigeii all S^urea 
Id rhe detiiJIcil iditmneiLi iiec'oiuiainyliiit the esthiislirs to ai^rce G^uctly wltli 
lUoHe of the pneceilltk^ year, Lima iircBcnl Liu: tu the Budkid and later to f^ui- 
jircsH UAoU^ and lafslendlii^ lliturcs la ejcpliinntlou of Hie propt^eetl c!t- 
|H‘uillltires. 

1 do not thluk liml the IHairlct fVuiiulsshmeru sheutil lie the arhl- 

tmry fuiwer to CMUtnol the diniiiet>?c ttt the Xatlonul ZAKploitlenl Park, wlik-h la 
plawl by Puw under the iHfWlon i>r ibe ^inltLisotilaii InstltiitioiL 

It elknuhl Ih> [tmetieoliEe lo ii]c-lu[le the e^lniute for the Zoolo^eal Pnrk In 
ihe indei^ndeut nlll^rw hill Ekliiiiy; with the other esllmnh^ for Government 
huwaua ndmlulslprcd under the direct Ion of iJio Board nf Rel^ents of Mse 
SraLth^anlau Institution. The latter arc held reS|W]tkrffbte for ihe cam nnd 
adndnlsfruthkn of the pfitk and l!iere shoiihl he no ilfrldeil resttanslhUlty In 
uiatt ers hen ring upon ita adiiihdatrikllon. 

After di&cuksifltt, n-ri motion of Mr. Xe^Tton, flte follrra'ing 1*690111- 
tion was adopted: 

Hrmltid, That U la the fletise nf thU u^eetiiiit of the Bonn! nf Bcf^at^ that 
-the anprasprliitloEi for the National S5t>i:j|o|fleal Piifk nhould be cnirierl lu the 
lzideii«udei]t oRlee* blit, as nre the Itetna for the other Government bureaus 
adtnliihgtnrcd under the direction of the Buiml of Hejrenta nf the Smlths^mian 
inslltmloik. 
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Tlic object of the Gex^l Aitesdix to the Ajinual Report of the 
SniiUbsajiiaa Institution le to fiirntsh brief accounts of scientific dis- 
coveiy in particular directions; reporU of investigations made by 
collaborutoni of the Institution; and memoirs of n general character 
or on special topics that are of interest or value to tlie numerous 
corresfmndents of the Institution. 

It has hwn a prominent object of the Board of Regents of the 
>. niithsunian Institution from a very early date to enrich the annual 
report r«|uired of them by law with memoins illustniting the more 
reniarkable and important developments in phvsical and bioloirical 
discovery, as well as showing the general chamJter of the operations 
of the Institution; and, during the greater part of its historv, this 
purpose has been carried out largely by tlio piiblk-ation of such 

papers as would possess an intm-st to all attracted bv scientific 
progreiis. 

In 18S0, induct'd in part by the discontinuance of an annual sum¬ 
mary of progress which for 3(» years provioiislv had l«cn h«iied hv 
well-known private publishing firms, the secrotarv had a series ot 
abstracts prepared by competent collaborators, showing toncia-ly the 
prominent features of recent scientific progros, in astronomy, geol¬ 
ogy, meteorology, physics, chemistry, mineralogy, botany, zoolog^- 
and anthropology-. This latter plan was contmued, though not alte- 
gether satisfactonly, down to and including tiie year 1888 

In the report for 1889 a return was made to the ^rlier method of 
pre^iiting a miscellaneoiiB selection of papers (some of them one- 
mal) embraemg a considerable range of scientific investigation and 
diacussion. This method has liecn TOntinued in the present report 
for 1934* 
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THE ORIGIN OF THE SOLAR SYSTE^M* 


By J. IL Jka^b 
liojfftl of London 


[^VttJi 5 plales] 


The aistronom^^r of tonJay Uah at his clisposaL teli^$COpf^s wliich 
run^ in nix^rturB from his oahrij eye, of aperture about one-fifth 
of an inch, up to thp ^iant Mount WiJson teleseajjo of more than 
too itiehcbs. If we lived In the oiidiKt of a imifonii infinite field of 
staiM^ or in a field wtiieli was uni form as far as our telescopes could 
reacht the numbers of stars vbible in different telescopes would be 
[jrojx>rtionaI to the cube^ of their ajierturesL 

In actinil fact our naked eyes reveal alxiut 5.000 stars; with a one- 
inch telescope this nmiiber is increased to alKuit 100,000, wUli a 
10-inch to 5,000,0(KX an [I with the llKi-inch teleseo[>e to perhaps 
100,000 ,OOOh These niJinlxrs increasi^ much leas rapid I v than t he 
cubes of the apertures. We conclude that we are not surrounded by 
an infinite uni form field of stars. IVe live in a finite universe, which 
Ihins out <]uite peit^eptiblj' within distances reached by teleaicopes 
of very modeinte size. It is estimated that tlie whole ijoivcnso con¬ 
sists of some 1,500 million stai^^ our ami being not very' far fnmi the 
center of the system, 

Itim^nne ttip various I'clrstiul objects in uni verse arrangetl 
mretirdin;; to their {listonee from iis. DisregardsaltogetKer bodies 
u’hieh are much smaller than our enrth, we must give place b> 
the planets Venus ajid Mars, whieh approach to within 2G anil 3,"i 
millions of milw. respectively. Next comes Mercury with a closest 
approach of 47 milliun miles, and the sun iit &3 miliion miles. The 
remainder of the planets follow at distances ranging up to 2,000 
million miles, the radius of the orbit of Neptune, 

But now comes a great gajt. Tlie iii-st objects beyotid this gap 
are the faint star Pn>xiina Centauri ut a distance of 24 milliun 
million miles, or more than .0,000 times the distance of Neptune, 
and, cW to it, a Centauri at 2ri millioji million miles. Next in 
order come the faint nod star Munich l.'i,040 at 3G million million 
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miles, and nmither faint star I.uiande ai.lft.'j at almiit 47 miUifUi 
millinii inil($s. Tliibi our nearest iiri^lilwrif iiniiinft the stara arc at 
a1jiiu>( e^artly u tiiilUon times the distnnres uf mir nearest neighbors 
ainon" the planets. After ihi^ ffniii.s ^liriue. tile Irri^htest star in 
the sky. at 50 tnillinn mill ton iiiiJes. I'rom here rni there is a steadv 
Hiirei'Ssiiiti of objects until we rriu'li ilistaiires nf more tliaii iiO.tMM) 
times that of Sirius; but loii^ Ijefore ihese distunres are reaeheil 
other ohjectH. spinil anil fijilieruidal nebiilie. and nltitiiatelv star 
ehisters. are foimd lu be niin^'led with ihi- stars, riie farthest 
object the distnnre of nbirli Is kiitoin wUli any aeniracy is the 
star rlusler X. (1, f. TWUp, ivhtch .Slmpley estimates to lie iJS.OOtl 
limes ns distant as Sirius, 'rids cluster is so remote that its li^lit 
lakes ittHklNH) years to rearh ns; eren for li^jhl to cross tlie cluster 
takes hundreds of yeare. 'I’n idi iippettraiiLts the star rltnnl X. (}. C. 

is still niore remote. Aci^mtling lo Sliapley. its distance ia 
ahmit 0 million million iiiiJlIoti miles, a distaiire nhich li<.dit tnkes 
JL niiliiim yeai^ to travel^'. So far as is known at present, this 
hrinfts IIS lo the end of mir univeif-e. or iieriinps I oii^jht to say it 
lirln^ ns hack to the Ix'^^jintijofi. 

It is im eiu^y matter to ;n?t all ibese dilfen'ijt distances rlearly 
into fiH'iis sininllaneoiisly, lint let ns try. I’fte earth s|xa‘ds ronml 
the sun at tilNiiit twenty miles a secoiiil; in a year it deseiii>t\s an 
orldt of nearly tior) milimn milps cinniiiifetenrV. Jf we represent 
the earth’s orhit hy a piniu-nd or a full sti>p i>f radius otie-]inndrei1th 
•>f an inch, the siiii will Ix^ tin Invisible sjjiH’k of dust, and the earth 
an nUrtimieni^siplc piirticle otie-miJIiontii of jtn inch in diarnelLT 
Xeptfmes orbit, whirli incloses the wJiole of the solar system, will 
Is* repi'e.senled by n eIrrJe llie siw of a thrw}5eniiy pieiv. while the 
' distnniT to the nearest stai. ]hx>xiijni Cetitann/will fie about <.’> 
ynnls and that to Sirius alamt Hib yards. f>ri this same scale llie 
distance to the n.>mtite star duster t b C. TfNMi jh miles smd 

that to the star cloud X. fl. V. GSj2 almut IH.IHMI miles, so that 
riiUfrhly spi>nkin^ the whole uni verse mny lx* i'epresi.*ntcil by our 
earth. 

U tliiis unpears that wo are on this W'CP.siun to diseitss the orldn 
nnd jiast history of ii system whldi licars the same relation to the 
uiiivciiie as a whole as does a threepenny piece to our earth. Why 
are we so interested in tliis particular ihriDpeniiy piece ^ I’riniiiritv 
becaw. altlimi>.di a fxior thintr. it Is mir own, or at least one particle 
of it, one-tiiiliionth of an inch in dlometer, is our own. liut there is 
a htstorii-al ri>asoii of a less; sentimental kind. We have alreaiiy 
nohml tlie imiiieusity of the -;np Iwtivcen oiir system and its iie.^rest 
uejphhors. As ref-ards ustronomical knowlerlgi- this (jap has taken 
a frreat deal of crussini-. Weil on into hist lenturv. hnmnn knowl- 
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cd^ of the flirt lier stcJe of this jjnp wn?? infinite^itimLi tin* stEirs were 
seareeij more tiiiin paints of Jescrilied as stars/' In 

those chiyH the problem of eosmo^»riy mkired ]>c-rfor(^‘ to the prob- 
km of the on/;^in of our own system. 

Rec.'ent reisem eli hiis rlian^d all tliis, arid the nioikrn astit>nuiner 
has a very extensive knowdedo^ of the nature, striirtiii^^ itml move- 
metita of tlie vjn'joiiE^ Ixitltes outside <Jur system. The ttjsiiio^i’nist 
of a rcmtiiry ji^ij imuhl assert lliat the solar i^ysteni hint evnlv^l in 
such and sueli a way, and nt'etl have no fear of Hts the<>i'ics Jjfino 
upwt hy comparison with other sysieins. But if I ]ml heft^re yon 
now a theory of tlie orj«rin of imi- system, yon will at once inquire as 
to the behavior of tlie IjflOtJ mi 11 ton or so of systems layond the 
t^*at Ai-e they fullcnviji^ the same evofittif^nnry ctnii"se as our 

own system^ anti, if not. why not ^ It may l>e well to eomsitler tliese 
othcr systems tinst, 

Anion^ these million or so of objects there are cvrtain 
jmraiively smntl cIusseF tlse nature and inlei^pretation of which are 
35iill pnipiiatical^-ihe planetary neliuhe, ttie CVpheifI varialiles* tlie 
variidik^ such b-s Mii'li Oeti,. and a few ol tie 1 : 1 % 
fmiii tliesc!, pniidicalJy atl known Ixaiies nm lie arrang’d in one single 
i^ontitiiious soqiienc^v Ttie setjiientx^ is appi»xiEriately one of ineiea.s- 
density: it lie^ini? with nebnlie of almost ineredihk tenuity and 
ends with sidifl stars as ns iron. Then* is but little dnuht tlmt 

the sequence is an evohilionaiy one* for the laws of physics require 
that as a IhhIv radintes heat its density should itirrefli?e. nt least until 
it can inrreasi* no fuiiher. f^et ns be|jin our survey at the fiirtliest 
point bark tn whirh w’e can attain on this evolutionary chain—the 
nehulie. 

After the enj^rniatitiil ' planetary nehiihe have Wn excliidiHl. the 
reiiiainiii^r nebnhr fall into two fairly sharply derided Hasst^. w hich 
may be briedy liescribed as ix*^ilarly and irre^ridiirly shaja^sl nchulav 

The irre^ilarly shatH*d neiiulu- comprise such objects n^j the ^^ituit 
nebula in Orion, and the nebulosity surroundin^ the Pleiades. 
Until quite re^TUtly tliese irrejrular nebuhn were siip|x)sed to \ m ? of 
great evolutionary jriqHntaiux\ It was notit^t'ft that they were 
nsuatly if^iciated wdtii the very ht^ttesi stars; whence a 

heantifiilly simple cosjnof;ony asseiting that these very hot stars 
wei^ the imiuediato pnalucisnf cvindensatmn of the nehiitns ^ntJ tlnil 
ttieir after Hfc cemsisted merely of a gracbial t'otdiiig until they ^^ot 
quite cold, rhi.s cosmof^viny was ttwi simple to live for long—it was 
buried smne ten years ago by the researches of KukscN. fieriitsprung, 
and others. Thanks l<j these rt?si'an:hes. we now know that the very 
hot Stars associated wvitij irregular nebulft\ so far fn>m licing newlv 
l>om^ are stamling at the summit nf their lives awailing their de<‘liue 
into old age. 
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A instss of hot isolated in space radiates heat, and this causes 
it to contract. If the mass radiated Tiithout contracting, it would^ 
of cmirsoj get ctjoler; on the other hand, if it contracted Trithout 
radiating, it Trould get hotter. But when radiation and contraction 
are proceed!ing together it is rot obvHouK without inatlieiuatical in* 
yestigation which of tlie two tendencies will take command. In 1870 
liomer Lane showeil that a mism of gas of density low enough for 
the ordinarj' gas laws to lie approsiniately olneycd, will in actual fact 
get hotter as it radiates lieat Cooling doe?^ not set In until a 

density is reached at which the ga« laws are already beginning to 
fad—^that is to say when liquefaction and solidificatiun arc already 
within nieasurabic distance. I'lius we sec that iiiaxiriiiiru temper¬ 
ature is associated witli middle age in a star, the age at which the 
siar may no longer Ih» rcgardcil as a |>erfcct gas. At this i>eriod of 
middle age the surfatT temijemture of the star mn}'' lie anything up 
to aLmiit C*, while the temperature at its center will amount 

to millions of degrees. Its average density will probably be some¬ 
thing like nne-tenth of that 4tf water^ It is still not known why 
stars at this special maximum teiuiieruture arc so commonly asso¬ 
ciated with irregulisr nebulw. Possibly It tuuy bo that only stars ut 
the very highest temperutnres ni’e capable of lighting up surrounding 
nebulosity which would otherwise remain invisible. Bn tbbi aa it 
may, it ia fairly dear that these irregular nclmlar masses are not an 
e5f¥ntial part of the evolutionary chain. They are probably mere 
hy-prmluctST and as stich nmy he dUmissed from fiirther con¬ 
sideration. 

IVu turn to the nebuhe of regular s^hapo. A gi'eat niinilwr of 
these appear as circles or ellipses, Ktuiu* as ellipses drawn out at tJie 
ends of tlieir tuafor-axes, sometime;^ almost to sharp points. An 
example of tliLs last tyjie of figure is shown in Plate Figure 1 
(Xckila X.U.a^Jlirj). 

A niimlier of these legidnr-sliapcfd nebulte have l>eeii examined 
S|iecir(>seopically, and in every cose have been found to l>e rotating 
wdth lisgh velocities aljoiit an axis which appears in the sky as the 
shortest diameter of the nebahu The mathemalician can calculate 
vrlmt conHgnra(Tons will lie assumed l>y masses of tenuous gas in 
rotation. If rotation wei’C entirely absent the mass would, of coum, 
iisoume a jfphericol shape. With slow rotation its diape would lie 
an oblate apheroid of low ellipticity — an orangc^sha£>ed figure like 
our earth. At higher rotations l!ie Sphered dal shape is depurtcil 
from, the equator bulging out more and more until finally, for quite 
rapid rotation, the shajie is approxirnntely that of a double convex 
lens having a sharp circular edge for its e<p3atorj the slitipc, in fact, 
exhibited by the nebula shown in Plate 1 , Figure 1. The whole 
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3 UCcessiou of figure^s, if looked at aloog all posaible lines of sightj 
will exhihit preeLively tlie series of shaped wbieh ai-e found to Ihj 
exhibited by ihe I'egular nehul® under discussion. There are, tlien^ 
good grounds for conjecturing that these nebulae are rotating masses 
of gas: blit we can lest thid coujeetuna further before linallj ac¬ 
cepting it. 

As a mass of ^s radiates its energy away it must shrink. If it 
ia in rotationj its angular mojus'ntmn will remain const a nt^ and tha 
shrunken tuass can only carry iid original dose of angular uioinentum 
by rotating more rapidly than before. Tliid conception^ which 
formed the corner-stone of the cosmogonies of Kani and Laplace, is 
still of fiindamentiil importance to the codinogouist of to-day- Thus 
e%erj' nelnila, nd jt grow^ older^ will rotate erer more and mute 
rapidly and. barring accidents, will in due course reach the configura¬ 
tion shown in Plate 1, Figtii’C 1. Tliifs conHgtnalion ninrks a Tcritii- 
ble landmark in the evolutionary path of a nebula. iTitil this con- 
tigunition is reached the eiTect of shrinkage can be adjusted, and 
is adjusted^ by a mere change of shape; the mass carries the ssme 
angular momentum ns before, in spito of its reduced size, by the 
simple c.xpedieiit of rotating more rapidly, and restores e<iuilibrium 
by bulging out its cc|U[Lt.or, But matiiematical analysis shows that 
this i3 no longer possible when once this landmark has been 
Furtlier shrinkage now involves an actual break-up of the nebula, 
the excess of the angular luonicnluiu beyond that which can be 
carried by the shrunken mass being thrown off into space by the 
ejection of matter from the equator of the nebula. 

We have m far spoken of tlie nebular cfiualor as lacing of circular 
slmiJC, as it uii Joubicdly would be if the nebula were a lone by itself 
in space. Bill nn nctiial nebula must have neigUlxyrS, and these 
QiUglibors will rai^ tides on its surface, just ats the sun and moon 
raise tiiles on the surface of the riitating earth. Whatever the UrigU- 
bors are, there will always be two |Hiintfl of lilgb tide antiptHjally 
opposite to one another, and two |Kiinta of low tide inicrincdiate be¬ 
tween the two jM'jints of high tide- Thus the cipuitor, instead of 
being strictly circuliir, will lie slightly elliptical. 

]f ihe ecpiator of the nebula had a perfect circle, ami if the 
nebula hud been in nil reSi^cts synmietrictil about its axis of rola- 
Lion, the ejection of matter would have star led from all points of 
the eipiiitor stmulhineously. Indeed, there cunhl lie no conceivable 
reason why it should start al one jMnni rather tlmn at any other 
point. Blit in nature we do not ex[>rcL to find perfect balances of 
this kind: if the main factors are of exactly equal weight some 
quite iiiinor factor invariably intervenes to turn the balance in one 
direction or anotlicr. In tins present problem ihare could be no 
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clioii'e H 5 U+twccii oiu> i>oint of the e<itnitor iind anolher if ihr vnriijiit^ 
minr>r fni^foi^ wci'e iil>seiit. but when lln'se iiiinor fjieTnra com^ into 
pky, 11 ili^feriminaticm nf onee I nut's plntT* Asmming't as 
likely, ibsil the tidal irve^nlMrUies m-e the piinor factors which dc- 
teiTniJie the choice of |ioitiIk for ihe ejectloti of iiialter. rnathcrnntical 
inve 3 tif^aTion shows that the ejection of matter will take pinco from 
the tiro niitipoibil ihfIiiIs on the i.'M-^nator at which the tide, is hijihe^t. 
Tile e^pnitor hein^! aii^htly ellipticuL these points iitT of course the 
enck of its major-axis. After the nebula has pam'd its criticaL knrl- 
iiiark, shown in Pltdr K Fi^nirr 1, itsslnipe oii^iiL to l.w similar lo the 
ieiilieular %rhieh formal the laiiiljiiark, iiut willi the iidditional 

feature of matter sti-emiiin^ out fmni two uiiLipuda! points on its 
eijiiaior. 

This descrihefl exact It what isoljserTed in thespiial iiehulie. IMiite 
1, Fi^nto ;; (X. C^. CU hsm) shows u nelnila in wiiidi the ejection 
of matter is just iiepiininj:^: wc nfdice tlie biil^c iiloufi: the eipnitor 
iind tlie iluik hand which we may assume representa ejected matter 
which is ulieady i^jobo;^. Plate 2. Figure 1 (X. (.1. C- lahi) exliibits 
a iiiutt^ advanced siate of th-velopiiieiii.; and Plate '•2^ Figure '2 (N- 
ir. C. a still laler nne in which the cjiM-ted matter ahvady 

dwarfs the central luietriis in iillliqiif^h prnhably not in total 
rnas^. 

In all these li^ffnres we are looking at the nelinhe very approxi¬ 
mately edp.'-oin Plate ih Fi^niv 1 (M. *11) shows the welhknowu 

whirliKHd" in i'aJios VcnalkU upbnla which may be very similur 
phy^fically to that shown in l*lale 2. Figure 2* luit we fiee it face on; 
we an* ItKikinfir alonp ik axis of i^totion* A^iiln (he centrsd niickni.s 
ixeupies niily a small part of the picture. Plate Fi^^ijro2 (M. U>L) 
and Plate 4. Fipne 1 (M. SH shows two nebulte. the evolution of 
which has piTU'eedKl still furl her, so much so ibat in the lajit of 
these iheie k very little nnelcn?i left, and l»y far the piT-ater part of 
whftt we Fee is what wc fadievr to l^e ejected matter. 

In Imth of these last two nelinhe it wnll lie seen thal the iirmn of 
cj«:tet1 Jiijiner piweed from two anti[K)dul points, exactly as ci-- 
i|uiiTd by dynamical tla^ry, t^o far we have sjaikt^n of the iiiatlei' 
in these arms as ujet^ti^l nmttet' because theory haw siif^gestcil this 
interpret a I ion, hut we need not lie satistied with tliwry; there \h 
Very fliretrt oliservationLil evidence on the point. Various astrono¬ 
mers, estJcrinlly Van Maarien, have detected motion in the anns of 
many nelniks irieliuliii^ the three shown in Plate 3, Fif^nres 1 and 2, 
imtl Plate 4, FyintT L Their olrservalions show tinit the arms lire in 
truth jets i>f matter comiTi" out of the niicleii:^. Plate 4* Fijrinv 2 
i^hows the motion foiiiid by Van l^Iaanen for aland lIMt pointi$ in the 
nebula M. Sh the nniiws showing the tnniion in a perical of l,3tX) 
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vv^rify- and the inea-sures on the vai'ions otlier nebuUe Fhoiv siili- 
^itantinlly similar restilts; you ^vill sec that thci*e is little room for 
doubting thut the arms eousi&t of mutter llowjug out of the luieleus. 
On mcafnirin^ the crtinil velocities of lloiv it m found that in nehnhi 
M. 51 {pi. A, Hg. 1) n particle of the jet ntakes w complerc 
rcvohitinn around the nucleus in uUoiJt 4ri^(KHJ jeoi's; in AL B1 (pL 
4, fig* 1) the coiT'esponding figuie is alKiiit real's^ and in Al. 

HJI < ph *i. fig. nboul BrjJJOr- veavp. From ihe^x figures it is 
|>ossiblc io e^tjinote tlie density of the mutter in (he nucleus* It is 
found that the densities must twi of the ovder of iU gm* jser cubic 
centimeter, u ligurt': rErprestuitiii^ u vaeiOini iiu.O'e |ierfect tluin nny 
obtuiimble in the hdiijratoiy. The H=intill aiuourU nf gas in lUi ordi- 
nnry elcLlric light bulb* if spread not tliroiigh St* l^juiTs CullLcdtul. 
ny^iild still Ihi sonietliing Itkt! UKOfaj licni^s us druse as the nucleus 
itf a spiral nebula* 

The iielmhi slioivn in Plate Figniv 2 exliilnts a hiiiipy nr granu¬ 
lated uj^pearunce in its arjiiB, In Ah 5i (pi. ;h lig. i) ihis tulles tlie 
foim of pronounced condensutions, and in the outer regions of At. 
h>l t[d* 3m fig, 2) ami ih K! yd. h lig, 1) these condensations havt' 
further devdojicil lutti detacliefl and almost stai-Iike points of light* 

WTien grts is se-t fm' out of an ordinaiT noKzle inio u vaLiuim it 
iiiiiiipdiately sprciulii into (he uUoIc of the space accessible to iL 
Wliy tVieu dcjes nut the jet uf gup ^Iml olt from the (^juntor of the 
nehitia do the s-amef The cxplannttou is to he foiimt in the gigantic 
scale on uhioh this latter process tiiki^^ place* As we increase the 
scale of the phenomeuon the mutunl gravitauunal utliiicilon of the 
jnirticlcs of gas l^ecoiuc^ of ever greater importance until linully^ by 
the time nqhidur dimensions aie I'eached^ gi'uvitatJon overcotiii»s tlie 
expansive influeiue of gus preSisuie nmi is nUh to liohi the jei to¬ 
gether as II compact aiventiK Hut* as Siam us this hapfwos* dynumicul 
theory pn^dicts that ii further pheiionien<iti ought to upiiear. A-s 
regards tlm diEtribiition of density along the lilumerU. the influcuee 
of gu^'prej^uii? is in the dintctton of keeping the density spread out 
umfonuly, while that of giavitation is toward making (he stream 
condense with compact g!olHile5. AVhcfi nehitlur diuicnsicjns hix> 
reuclied llie la (ter tendency pixnailst and the isfjuing jet of gas breuliti 
up into diYipB much as a jet lyf water issuing from a tm/jsle does, 
although for n very ditferent physical reastiii. Tn the pimtographs 
fcprculured in Plate 2* Figure 2: Plate 31* Figures 1 mid 2: and 
Plate 4, FigTire wo cun trace thi^ process gtdng on. 

Dynamical theory nut only predicts that globules of g\\s 

must form, hut also enable^: us to calculate their size, mass^ and 

*Ttw MizTOUDdiHl Uj- muill aTv vLutv whka nm tn hivt* iiJirFi- 

«J eonn^HHtlr^B wita Ifn" twhuM., 
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<!i stance? npnrt. A e^iiipariisOn bfitweii^si tlniir ilktance ftpiiit, as cal 
ciilatcil Jn kiLonii^tci'^, atid angular cILslancf! apaii^ aa nbsorved 

in the sky^ leadi^ at once to an estimate of the distance of Liie nebula 
to which they belong. It is gratifying to And that estimates of 
nebular distances made in this way are in good agteement with 
rstimales made in other ways. Tlie calciilution of the of 

thcise condensations leads to n fftill mnre interesting and signiJicant 
result. In every nebula for which the calculation can be made, the 
calculated imus^ of a single condon^^ation ]>roves to be apliroxLmately 
equal to the nias?s of the average star* 

This I believe, the key to the evoltitiuiiary pioc-ess wo havr 

been considering—wc have l>cen watching the creation of the stars. 
Ill l^latc L Fiji^urc 1 wc saw the raw material—a gaseous mass of ex¬ 
treme tenuity, already moulded, a.s a result of ^:brizikage iiuil cotLse- 
quent increase of rotation, to tlie stage at which disintegration ia 
nbont to comiiicnce* Further olirinkage takca placei, and in Plate 
Figure 2, and Plate 2, Figuit^ 1 we seo the ejection of jets of gas 
from >vhich the future stars w ill in due ooui-se l>e made. In Plate 
2, Figure 2* and I^late 3. Figure I individual stars are heg^inniug to 
foriu* although at [present only as vague condensations in what is 
still a continuous nebuhir mass. Finally, the outemiost parts of 
Plate 3, Figure 2. and Plate 4, Figure 1 show us the Antslic^l prod¬ 
uct-separate masses. ahluHigh still far more tenuous than ordinary 
Stars, starting olF on their independent exist^ice^. Each of these 
masses will go tlirough the changes wc have already hriefly dea^ribed. 
It will contract, getting hotter in doing so, until it reaches a maxi- 
mum teinpcrutiire just m the giis laws are beginning to fail, after 
w liicli it c^ls and contracts into a dead dark lua^ 

The family of staj*® born out of a single nebula may be miUiona 
in number. Tliey luoy either mingle w ith the generid mass of the 
fctars or, if the original nebula wiis suflictcntly I’cmole from the main 
universe of stais, may form o separate colony hy theiuselvea. In 
illustration of the foroicr alternative, numbers of groui>a of stais 
are known-—e. g- tlie Pleiade^^, the Ktars of the Great Pear—in which 
nil the inemlwrs have a coumion velocity and, generally speakings 
siiuihir physicrtl constitution ^5 also. All the starsj of any such group 
arc voyaging through $ptice together, and have obviously done so 
sinc^e they iii’St came inlo tjeing, Tlie alternative [Hi^ibility of a 
family of stars forming u detax^hed colony by themselves Lg perhaps 
e^cemplifird in the so-calle<l ^^glohular" star-cluEicrs, such as the 
weibknown rltisier in Ilcrcifles I pi. h). Thes?e are globular only in 
name, for Sihupley has found tliat they are of an elliptical structure, 
showing sjninietry alfoiit a plane precisidy as might he expected if 
they were the final pi*f»flnct of a rotating nebula- 
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Probjiblv we ou^Iit ncit to ro^ird tlie two titles just meii- 

Lioned as slmrtiJy cut atternative& Jt h tiioii; likely tliat they repre¬ 
sent tlie two cstrenie eirck of n continuiiu$ disiin of possible histories 
for tire fimiily of stars born out of n single nebula. It seems rpiite 
possible tlmt wbat we describe ns ‘‘‘the mAjn imtiis of the still'siiiuy 
be nothing more than a coUeetion of clnstei^ of stars, eaeli cluster 
having originated out of u single nebula. 'FIjc clusters are by now so 
intermingled that it is diflieiilt to look on tliem us distinct gitiups 
of stars, alt bough we ran still find some evidcncp that this may be 
tire pH>[>cr way of regarding them. In I9i>S Ktipteyn showed ifiut 
the stai>i in tfie ncigld^orhratd of tiie sun formed what lie described 
as two ''star streanis,-^ each stream moving with its own velocity in 
Bjjiice. K^cept that it begs the {[Uefption ns to the extent of these 
streams in space, it would have been equally aceni'ute to describe 
them as forming two intermingled muving clusters- Shortly after^ 
Eddington and Ilalm^ indcjyendcntly* found a third stream or mov¬ 
ing cluster, constituted of the very hot stars whicii the astronomer 
classitics lie stars of types R and Q, In *|iis case wu know the extent 
of the cluster in space anti also its approximate shaiw. According 
to Chnrlier, it k shaped like a round hiijcuit ly ing pamllel to the 
Slilky Way* its diameter l«?ing alHitd 2*8 times its thicktic^* Any 
<dlister of stars having a common origin* whatever shape it may as^ 
^tiine at finyt, w ill be rapidly knocked out of shapt? when it begins to 
interiiiitigle with other stains. Dynnmical tlicory shows lliat after 
it has been knocked about ad infinitum in our imiverse of stars, such 
a cluster ought to assume the sba[>e of a round biscuit parallel to 
the Mi iky l\^ly* tise ratio of its diameter to it^ thickness lieing about 
2.5. I'his agm^s sufficientiy well with wduit is oWrved to suggest 
that ail the atni's in this stream have a common origin, and tlie same 
is true of many of rhe smaller known moving clusters* such as the 
T - liia Major cluster already mentioned. Thus^ although we can not 
cLaitti that anything is definitely pnived, there is every justification 
for thinking of the main mass of the stars us a jumble of inter* 
mingled moving cluatei^, each cluster owing its existence to a sepa- 
i^te nebula. This po^ibiMty' lias no very direct bearing on the ques* 
tioji of the origin of our mUv sysfetiK it has k^n mentioned merely 
as I'ounding olF our knowledge of what ajipears to he the main evoiti- 
tlonary proce^is of the ^aifi. 

In all its essentiak except one^ this evedutionary proces.s is similar 
to, and in ik earlier stages almost iilentical w ith* that which l^nplacc. 
in his famoiLH nebukr hyiwUhesis, irnagLoed as the origin of tlie 
solar Kyslem* We have ^leen before our eyes the rotating and. rftrink¬ 
ing nebula finfdlj shedding nuiiler from its fHjiiator; w‘e iiave 
Watched the- condensation of this matter int^i separate ina-ssftR* anti 
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have filially witneasetS tbe start of these detarheil on their 

vuvfifjes into spare, all preoiwlv as pktnrril by T^nt>la™. 

Tlie one psaential (11lTertfin.-e is that of si^te. The evohitionary 
priH-Tss we have lierii watchinfi oirurs on u w-ule surh its Laplac'e 
never iliTiitneil of. His priiiieval nehtila was supposed to be of 
iilHiin llie kIm* of Xfiptnne s orbit, a siKe repi-cseoted on the scale I 
iiwd at the be-rinnm^ of Uda lectiii'e by n threei^nny-bit. (in this 
-ante scale llii) nndeiis alone of a ^^K.il-sisied spiral nebula, fiiidi as 
those shown in I’hitc ». 1-iiltire •>. ami Plate 4. Fipnire 1. woold bo 
wlsnit the siise of tbe AlU-rt Hail, while the arms wouhl sprawl over 
the whole of Hyde Park ami Kensin;/toti. 'I’lie pidiires of ihesie 
nebuho that yon hiive Itefore you woultl have to la; eiihir;!Pd to the 
siae of a whole country, or even possibly of u whctle continent, Imfore 
u Iwilv the sijte of our earth Viccauje vi6iJ)!e in them ut all. 

Alt'hqii'.'h the parent nebulie we liuvc l»eeli considering arc' atl iti- 
roinfMirably ‘ireuier than baplaiv'a inia^ririiiry ndmla. yet eadi tiny 
cr)ndens»tIoii. as it starts off into span*, iit a 5ast*tnis nebula the mass 
of whieh Ls just aiaiut LH|ual to that imafiincd by Laplace and the 
size of whieh Is not iK-rhaps very ttreuHy di lie rent. I f, then, this 
Voiih^er ■n^iiei'Hlton of nebula* me**! witli the same ex[n'rienee 3 in life 
11H their ftlant parents l>eforc them, wi* shoulil not have to look far 
for an explatiacimi of the oripin of the planets, and if the third ^n- 
cration aLmin repealed tlie esperienee of their aneeslon^. the satellites 
of the planets mil* also aceonnled for. Hut malheitiatiral research 
uinl oijservnliun aerrw in d'.posin'f of so simple an exitianutinn tpf 
the oii-rin of [lie solar .system. M we have seen, it is only because 
ihc filaments in tlie spiral nebidte arc of t>iich liuoe sixe that jirnvita^ 
tloii is able t*' cmir» eondensafion in oppositlfpn to the expansive 
tendency of yas priissun*. A nebula of rnasw eomparalde to our sun 
ini^ld fc'o throiij'b tlie same life liistory as the bi^^L'cr ndnila until 
ma'tter lie;.uin tft lie thrown off from its e([uator. but after this the nlif- 
ference of scale would licirin to tell, and the suUswpient course of 
events would lie widely different. TJie eiL-cted iiiuLter conid not 
(.■oiidense into filuments, still le.ss into detached jjhibules; it would 
inerelv constitute ii riiffuse Bttnos[>herc siirrtuindii]" the iiiirc-nt 
uebura. As sneb n system shrank by tbe emission nf radiation, the 
coiisiuniLT of anpoiltir morncntuiu woidd, ai first, merely demand tbut 
more and mo re jjus should Iw transferred from the center to the 
atniosphere. 

Hut niathematii'al jiivest'ipiition sbows that in time, after tiie L*cn- 
trul star bad shrunk to a certnln crilhwl density, jmrbaps some where 
al»ut oiie-ti*ntli of that of wtitec. a cataclysmic [utIoiI would ensue, 
from which the iiih.S£ W’oiilil ciuci'j;e, an a binary star—two stars of 
citniporable inm«eH revolvin;; about one another nearly in I’ontnct 
aiul iri n pproxiniiiHf l v druiil ar orbitjj* This ii format ton wilK 
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which tbft practical astroDomer is very familiar. He finds that 
ft very large proportion—perhaps atioiit one-half—of the stars in 
the sky are binary, and ho can detect an evolutionary sefjnenee in 
these binary stars, The sequence starts with the formation just 
described in which the two constituent stars are almost in contact. 
As it progiresses the stars movo over farther and farther apart, while 
tlie eccentricity of tlieir orbita increases. Theory indicates that the 
process of fission which has broken up the origmal star into two 
constituents may rejieal itself Ln either or both of these constituents, 
so that tlie final product may be a “ multiple ” star of either three or 
four constituents. Prof, N, Jiussell, inYKstignting this question 
theoretically, found that certain numerical relations must hold bo* 
tween the relative distances of the various constituents of a mul¬ 
tiple star;; he also showed that the predictions of theory are con¬ 
firmed quantitatively by observation* 

So far, then, theory and observation have gone baud in hand. 
We have traced the evolution of astronomical matter tlirough stages 
of cvordncreasing density, from the most tenuous of nebuiee to the 
densest of multiple stars, and at almost every etago observation lias 
eonfirnied the predictions of theory^ Not all astronomical matter 
will traverse the whole length of this evolutionary course. The 
driving force on this course is inoreoae of rotation consequent on the 
shrinkage produced by emission of radiation* When the slirinkage 
has proceeded a certain length solidification sets in; the rotation can 
increase now no further, and evolution, in the physical oenso, stops* 
The distance along the course to which any particular system pro¬ 
ceeds depends in effect on tlie amount of rotation with which it was 
originally endowed. Let a nebula begin ita career with absolutely 
no rotation and it will remain sperical in shape throughout its whole 
career, ending merely as a cold non-radiating, but always apiierical, 
mass. 8uch a nebula never even gets away fnim the starting-post. 
It is true that this is not a likely event, but for aught wc know many 
a nebula may freeze and die before reaching the critical configura¬ 
tion {pL I, fig. I) St w'lucli the birth of stars first commcncei^ 
Similarly many of the stars may beex^me cold and so cea^ to develop 
without ever attaining the stage at which binarj^ ^^stems are formed. 
In the same way many binary ^js^tem^ must fail to develop into 
multiple systema. Here again ob^rvation is with ua; there ore ten 
times as many purely binary systems known as there are multiple 
systems which have proceeded beyond the binary stage. Theory has 
trncefl out for us the whole length of the evolutionary course, but 
theory and observation agree that not many systems stay out the 
whola course. 


150 A>*KUAL. KEPOBT SMITHSONIAN IN STiTlJTIO N ^ 

We now come to the crux of the whole iinestion. Nowhere on Uiis 
csourtie ha^ e we found our solar sybiem oi* utiy thin/^ in the least degree 
i^esembling it. If our sun had been utialtetided hy planets we slumhl 
have had iu> riiMnuIty m guessing its origin. It might reasonably 
Ijc sup[Josed to have been bom out of a nebula in the normal way, 
but to have emerged >vitti insu Hie Lent rotation to have carried it on 
to the later stages of fission into a binaiw' or a multiple system. It 
might, ill fact, be supposed to have had tlie same evolutionary career 
m half of the stars in the sky. In supjxirt of the conjeeluns that 
our Gun had been bom out of u nebula In the ordinary way^ we could 
note that its mass is about equal to what we calculate ought to be the 
luaai of ft ftlar born out of a nebulji. and iliat it is. apart from ite 
planets, similar in every way to millions of olher stars to which we 
may ascribe a nebular origin. In suppoit of the conjecture lb at it 
had stopiicd short on its evolutionary course from want of adecpuite 
rotation to cari:y it on further, we should merely have to note the 
slowness of its present rotatiotu A simple caknbtion shows tlmt 
the sun has only a small fraction of the amoiiiit of angular mo¬ 
ment titn requisUe for fission. Kven if wo add the angular mo¬ 
mentum of all the planets, as wo ought if we siipjjosw that these at 
one time formetl part of the sun, the result ia the some—the whole 
ay stem can never have had more than a fraction of the angular mu- 
mentiim necessary for a rotational break-up into a binary star. 

Thus the sun ia a quite intelligible structure. The difliculty of 
our problem is not the origin of the snn but the origin of the planets 
and of their satellites. 

Certain special type^ of ostronofnical structure have already been 
mentioned as not falling into place on the main line of evolutionary 
flcvelopment. Tim particular example chosen were the planetary 
ncbulffl, the Cepheid variables, and the long-l>eriod variables. The 
question now arises as to whether we must add the solar system to the 
list. The circumstance that certain structures do not find a place in 
the evolutionary main line suggests that off this main line may be 
branch lines on to which the development of a syf^em may in cer¬ 
tain circumstances be turticd. This, indeed;, is only what might be 
anticipated^ We should no more expect two stars to have iircciseiy 
tlie pome oiq^riences in their careers tiian we should expect it of two 
humans. Our normal star has been supposed to develop in a uni¬ 
verse of its own, where ita angular momentum remained ijonstant 
and w'iierc it was in every way unmol^ied by its neighbors. The 
matbematiciiin finds it convenient to allot & whoie infinite univerpo to 
each star, hiii nature docs not. Nevertheless, the conditions postu- 
latwl by the mathematician are nearer to the truth than is often the 
cape in his Idealised problems. On the scale we have fllready used, on 
which the sun was ropresented by a microMcopk partiele inch 
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in iliamotcrt tbo most f^igantic of known giunt stars may be repre¬ 
sented by a pin bead one-thirtieth of an inch in diameter. The pres¬ 
ent spacing of tlie stars is such thin on this scale there ia less than 
one star to a VDliime equal to the interior of St* PaiiTs t^itiiedral. 
Space then can not bo naid to 1 >p overcrowded* and altliough it is 
]jti«siblo that the stars may diivlnrb one another jus they move in their 
course, it is dear tiiat any serious distiirhance of one star by another 
[fUisi. be a rather exceptionaJ event. Obviously we have been right 
in regarding the evobition of a sta.r entirely nndistiirbetl by ita 
neighbors as the normal course of evolution, and we can now see 
why the va.^t majority of stars folkiw this normal eoiiriw. 

To all appeanincost the stars ^vhich have been sidetracked olT tliiB 
nornml course a 1*0 estraoi-dinarily few' in number. ^Flio total number 
of Htat« in the sky is alH>ut equal to the total population of the earth t 
the number of Imown exceptional aj'^tems vvould at most populate 
one small town, although, of course,^ we can scareoly oven conjectuie 
how many exceptional ^'stems there may be which are still un¬ 
known to tis, Tliere is no reason for suppoamg that the sidetracking 
iiiflnencc has in every case been a neighboring star, but the systetiis 
known to be exceptional arc sufficiently few to suggest that this may 
have been the cause in a largo proportion of cases. 

Tlic immediate question before us, however, is not that of the 
exceptional systems in general* but of our ow^n solar system. Wa:^ 
it a neighlKjring star that threw- it off the main line of evulutlonary 
development? Here, for tlie first time, obsers'ational astronomy 
denies us any help. Not a single sj^stem is known outahle our solai^ 
system which reseiohles it in thes least degree, Tlie reason is not 
tiiat no such system exists, but that we could not see it if it did. 
An astronomer on a distant star observing our system would sec 
Jupiter as the brightest object after our sun, but the ratio of their 
luminosities w'oidd be as 3fM),0[X)sOOO to 1* Seen from our nearest 
known neighbor 111 space, Pioxima Ceutauri, the snn woukl appear 
as a lirst magnitude star, and Jupiter as a star of magnitude 22.2, 
the distance betwwn tlieiu being at mo^vt four seconds of arc, A 
star of niagiiituile 22-2 is still well lieyond the range of our largest 
telescopes, and would be doubly invisible if it had a first magnitude 
star only four seconds away. We must wait for a very great in¬ 
crease in tlie jHUiver of our telescopes tefore there will l>c any hope of 
fti^eing systems similar to our own in the sky, even if they exist 
no further away from lift than Pix>xima Centauri* Thus it is clear 
that our discussion !jas now- left the regions in which ol>servation 
can be called upon to make suggestions or to check our conclusions t 
henceforth we have the<ity alone to guide us* 

Lvl us start on our quest by noticing tliat our solar f^ydem has 
quite clearly marked chanicteriKtii% It is no mere jumble of bodies 
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looking n3 tliough they had fallen together by accident—bad it 
prcoctntcd this appearanco die problem of its origin might i^ason- 
ohly be dismissed as hopeless. Not only has llie principal system of 
the Bun and its planets got dearly marked characteristics, but also 
these s ame chamcteristics reappear in the smnllcr systems formed 
by .Tupiter and Saturn, each vriih its family of satellites. Each of 
these ainall syEtems ifi, to all intents and piirposca, a replica in minia¬ 
ture of the solar system, so much bo that no suggested origin for 
one system can be regarded as satisfactory unles at the BEtmo time 
it explains tbe origin of the other two. The principal features com¬ 
mon to the three systems arc, that tho orbits in all three Bystema are 
with few exceptiona, all in or close to one plane, that these orbits 
are all describwl in the same direction, and that die masses of the 
aecondaries, whether planets or satellites, are all small in compari¬ 
son with those of the primaries around which tliey rcrolveL Thus 
the sun has a muss equal to 1,D4T times that of his greatest planet, 
Jupiter, while Jupiter^s mass is about 11,000 timea tliat of his most 
maasire satellite. The smallest disparity in mass is found in our 
own Earth-Moon ^stem w'ith a mass ratio of 81 to 1. In ^'stems 
possesdng many satellites (those of the Sun, Jupiter, and Saturn) 
there ia a general tendency for the masses to increase up to a maxi¬ 
mum as we pass outward through the s^^stem, and then to decrease 
to & mintmum. Tiina in the main eystem there is a regular progres¬ 
sion through Mercury, Venus, Earth, Mars to the maximum mass of 
Jupiter, broken only by the anomalous position of Mars, while on 
the descending aids the progression through Jupiter, Saturn, Uranus, 
Neptune fails in regularity only through Neptune being some few 
per cent more massiTe than Uranus. 

Tho main line of evolutlonaiy progress has lieen supposed to be 
that of a mass of shrinking, rotating mntterv—first gaseous, then liq¬ 
uid, then solid—^left to itself in space. Such a system must show 
one very marked characteristic throughout its whole career, namely, 
a plane of sjuinietry. In its earliest stage of all, wlicn the ^'stem 
is n mere chaos of independent moleculea, the plane will coincide 
with what mathematicians describe as the ‘^invariable plane** of 
the system. Later, when the nin.es hns assumed the regular shape of 
a rotating nebula, the plane Is the equatorial plane of the nebula, the 
plaue in which the arms subsequently appear and in whicli the stellar 
condensations start off in their orbits. Tlie symmetry of spiral 
nebulte about their equatorial planes would of stsdf suggest slronglv 
that they have developed to their present formations as rotating 
bodies practically undisturbed by externa! influences. 

If our solar system had developed out of an undisturbed rotat¬ 
ing mass, it, too, ought to exhibit a plane of symmetry. The orliits 
of nearly all the planets and their sateilitj^ do, in actual fact, lie 
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very n^arlv in nno planc^ whicbj to tKis fistcnt, ib^ of coursej plune 
of SViii[uttry% But the siin^s axiB of rotatioa is not porpendiculiir 
to this piano? th& sun has its oven plane of ^mmotry in its equator, 
and this is inclined at an angle of T® to the plane of orbits. 

The existence of these two distinct planes is enough in itself to 
suggest that our system has not developed simply out of an undis- 
turW rotating m^s, Tims, in tracing our aryst^m back to its origin, 
wc naiundly look at the effects to be expected from rotation plt^ 
t^tno external influence. To a first rough approximation, it is 
natural to suppose that the plane of the saints equator recordfl the 
plane of rotation of the original system, while the plane of the plan¬ 
etary orbits was in some way determined by the extraneous disturb¬ 
ance. 

Of all the interactions between two separate astronomical bodies, 
gTavitatlonal attraction is likely to bn by far tlic most potent, 'llie 
moon has been acciiiied of exerting all kinds of influences on out 
earth, as, for example, on its weather, on the destinies, the emotions, 
and eyen on the sanity of Its inhabitants; but the only influence 
which sufrives scientifle examination is gravitational attraction as 
evidenced by the semidiurnal tides. Tt is true that a Iwad^on coUi- 
sioa between two astronomical bodies would prxKluco more imme¬ 
diately dramatic iwults than a mere tidal pull; but we ahaU not 
consider such on event here. Head-on eollisions muet of necessity 
be exceedingly rare; ^sterns tliat experience them would undoubt¬ 
edly be deflected from the main line of evolutionary progress on to 
a branch line; but it does not firan likely that this branch line con¬ 
tains s3rstems like our own. As lime does not permit the explora¬ 
tion of all conceivable btanrii ILnefl, let us turn at once to that which 
seems most likely to reveal the origin of our system—4ho branch 
line that diverges from the main line at the gcctirrence of a violent 
tidal encounter. 

On tile earth, our moon mses tides the average height of which 
at high tide is only a few feet. This height of high tide is only 
about a ten-tnillionth part of the earth^s radius, a fraction which we 
may designate as the tidal fraction. If the moon were ten times as 
niasstve, the tidal fraction would bo increased tenfold; if it were 
brought to half its present di^ance, tlie tidal fraction w^ould lie in¬ 
creased eightfold. If WB agree to measure masses in terms of the 
body on which the tide is raised as unity and to measure lengths 
in terms of the radius of the same body, tlien the tidal fraction is 
equal to the mass of ilie Ude-generating body divided by the cube 
of its distance, say AI/R* Using this formula, wo Find that our 
neai'ost neighbor, Proxima Ceotauri, raises on the sun a lide of 
quite mfinitcaimal magnitude; the tidal fraction b about 10”, and 
the actual height of tide k of the order of 10 ** cm., or, say, one- 
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fiftieth of tlie radius of flu electron. This single illuslrfltion will 
show, and with some nifirgin to sparc^ that under tiormal condjLions 
rhe t id 111 infl nonce between neigliboring is iiLterlv insignificant. 
For tidal foreos to ijecoiric imjiortflnt to cosmogoni'j conditions 
must be abnormaL 

Onr sun Impficns at tlie present moment to have no especially near 
neigblimr; but it is fairly certain that at some tiineT in its wander¬ 
ings thmiigii the starS} it tnusL have passed stars within a much 
less dtslance tlmn that which now sepiiratea it from Pronina Cen- 
tuflil. Hie most tnistworthy lines of evidence as to tlie earth^s age, 
namely I thosHS from geology and radioactivitjj indicate an age of 
from WO to Uf)0 million years. For prerisionH. let ns think of the 
stmt's age as l+UOO million I’enrs* Let us iniaginc for the moment, 
what is no doubt very far from the truth* that throughout all this 
thousand milUou years the sun and all the stars have movci-l just 
Eis they are moving now^ with tlie same average velocities as now, anil 
keeping at the same average distance apart- Throughout this thou¬ 
sand million years the distance of our sun from its nearest neighbor 
will have been continually chaiigingT and one star utter another will, 
of course* have taken up the role of nearest neighbor. But theiic 
must have been sonic one inEttant in this thousand million ycara at 
which our sun was nearer thim at any other instant to its nenretst 
neighbor. A calculation based on the theory of probability indicates 
ihat this nearest diHt^mce is likely to have licon of the oivlor of 
7X10*^ cm., a distance which, although only a six-liundmUh of that 
which now scpaitites 11 s from Provima CentaiiriT is still equal to 
fifti-en times the radius of Neptuue^a orbit. Even if the sun had 
filled the whole of Neptune's orint. the tidal fraction at this closest 
encounter, on Ihe suppcKiUion iiiiu the nearest star had li inaa? equiil 
to the sun, would only lio equal to l/( Ifi)^ or 1/3375, giving a height 
of tide which is unite iinimportfint from the point of view of cos¬ 
mogony. So long as things have been as they now nre, tidal actiouK 
ijetwinm separate stai^ must have Ijoen quite devoid of cosmogonic 
interest, esco]>t possibly in very special eases of quite exceptioimlly 
close appjxiaclies. 

Il is, of course, possible thiit our sun was the victim of one of 
those exceptionally close eiicountci"s* Notliing can 1 h^ brouglit against 
I hr Slip position of such an event, rscept its a piicri imiirobabilitv- 
file result <*f such a close imconnter might, as wp shall stsi, be the 
creation of a system in many ways rrt^mbliug our solar system. 

Our calcii la lions of prohabilities and improbahilities have, how¬ 
ever, refuted upon the athiiitti^dly eri'cneoiis assutiiptiuii that stellar 
cnniiitjons have been similar to the presriit ones for n pt^ricnl of 
a thousand million yeai^. On looldng hack through the past history 
of rhe universe, we come to a tiuic when conditions must have liwu 
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TOry different from what they are now. ’\Ve come to a timOj wliicii 
we have ali^eadj' (fiDsiderod, when our sun had not yet assumed its 
present stellar characteristics. It was a condensation in tiie arm of 
a spiral nebula moving willi tliousauda of similar condensations 
towards a free career in space. Its density was enoniumsly lower 
than it now is, and its size con^pondingly greater. It wns also 
rniicli nearer to its neighbors than, in all probability, it lias ever 
l>een since. In this early stage of its existence, tlio tidal elTocts oi 
its ncigldwis mny well have been enormons; we shall pass to exact 
hgnms in a moment. 

In general, the [lassage of one star past another merely raises o 
tide which subsides aa the tide-raising body recedes. Even ivhen the 
approach is so close that the lieight of tlie tide raised is greater thiui 
the original radius of the star, the recession of the disturbing star 
may rc.sult in the disturbed star relapsing merely to its original 
spherical form. But tlierc is a limit which must not be passed, anil 
if the disturbing body pasases this limit, all hopo of the star n^uming 
its original shape is lost. The distance of tlie limit deiwnds pri- 
iiiarilj”on the mass of the disturber; to a lesser degree it depends on 
the rotation, shaiw, and density-distribution of the primary star; 
and to some extent it depends on the velocity of the two stars rela¬ 
tive to ono anollior. We ah all get a tokmblo idea of the mareh of 
events if wc suppose the primary star to bo surrounded by an imag¬ 
inary sphere the radius of wdiieh depends solely on the mass of the 
disturbing star. If this mass is equal to the mass of the primary, the 
radius of this imaginary sphere will bo aiiout 2^^ time.s the radius of 
the primari’^ if the disturbing star has 8 times the mass of the pri¬ 
mary, the radius of the imaginary spUcio will be 4^4 times that of 
the pciinari', and so on. So long as the center of the visiting star 
nmmins outside the sphere, a tide is raised which recedes as the visit¬ 
ing star disappears, but the moment the visiting star invades this 
sphere on entirely new phenomenon appears. 

As the approach of the disturber raises the tide to higher and 
higher leveb, the highest points of the tide move ever farther away 
from the star’s center into regions where the gravitational attraction 
of the star gets wqaber and weaker. At the same time, of course, the 
gravitational pull of the visiting star gets stronger and stronger. 
Finally, just as the visiting star crosses the critical sphere, its gravi¬ 
tational pull just balances that of the primary—it is this condition 
that defines the critical sphere. If the visiting star further invades 
this critical sphere, the particles at high tide arc shot away from the 
primary star, the resultant gravitational force on them now being 
definitely toward the visiting star; they are, of course, immediately 
replaced by others, w'bich are shot off in turn, and so on. Tiie total 
effect is that a filatnerit or jet of gas is shot out from the imint of 
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high tide. Each particle of ihi^ jet moves imder the combined forces 
of the primary and of the visiting star^ imd the problem of determin¬ 
ing iU orbit b a special ease of the problem of three bodies^ which 
unfortimateli; is not soluble. But the general result is that the jet 
undergoes various contortions while moving all the time in the piano 
which contains tho orbit of the visiting star. 

If such a jet had been tlirown otT the sun simply by an increase of 
rotation consequent on shrinkagCi its gravitational attraction would, 
iis we have seen, lie inadequate to i^lst the expansive effect of its own 
gaa pressikirej and it would have been rapidly ilissi|j-ated away into 
space. In die present situation conditions are very different, tlie 
essential difference being that* while shrinbage from loss of radiation 
is a xiery alow process^ tidal disrupiiun may bo a very rapid process. 
Tbo rate of a star’s rotation will alter but slightly in a thousand 
years, whcreiia W years may suffice for a tide-nu^fing body to come, 
do its workj and go away again. The filameiit of gas set free by 
increase of rotation would be of extreme tenuity; a hlament set free 
by a tidal cataclysm might easily l>a of sufficient substunoe for its 
own gravitation to liold it together as a compact whole. 

If gravitation is potent enough to do this^ it will also be potent 
enough to break up the filament into condensations, just as the fila¬ 
ments of spiral nobul«e are broken up into condensations. But here 
again an esi^ntial diffei^ice must be taken into account. The shrink¬ 
age of a spiral nebula is a alow secular process* Year after year and 
ixsntury after centuVy the filament will be ejected without cWge of 
character—the process may be compared to the paying out of u coil 
of rope. But the tidal disruption of a star is a rapid, even cataclys¬ 
mic event; within a few yearg the emission of the filament starts, 
reaches a maximum, declines, and ends. There is no steady paying 
out here; the process ought rather to be compared to the discliarge of 
a torpedo, or other body which is thickest in the middle and tapers 
off at the tw^o ends. When a filament of this shape breaks up into 
condensations it will form no long chain of similar masses, but a 
^all number of unequal masses. It is natural to conjecture a priori 
that large masses are likely to form out of the central portions where 
matter b most plentiful, and smaller masE^ at the ends where matter 
is scarce. Such a question can not, of course^ be finally settled by a 
priori conjectures, but in the present case an exact discussion of the 
problem indicates that the a priori view is the right one, and miggesia 
that the comparative abundance of matter in the central part of the 
filament may provide an oxplnfialion of the appearance of the more 
massive planets, diipiter and Saturn, near the center of the sequence 
of planct». 

Obviously, if a tidal cataclysm can explain the exis^tciice of the 
planeti^j it can also* in general terani at least, explain the existence of 
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tUe iifttcllitcs of tliesc planets. For immediately after the birtli of 
aay placet, say Jupiter, the original situation repeats itaslf in minia¬ 
ture. .Iiipiter now plays the part originally assigned to Om sun, 
while either the wandering star or the sun itself, or possibly the com¬ 
bination of the two, acts the part of the tide-raising disturber. A^in 
we get tbe emitted filament, again the formation of comiensationa, 
and again, as the ultimate result, a sequence of detached bodies with 
the most massive in the middle. Since Jupiter, the sun, and the dis¬ 
turbing star all move in the same piano—namely, the plane of Jupi¬ 
ter’s orbit—U follows that Jupiter’s satellites, when formed, ought 
also to move in this plane, os in actual fact they are observed to do. 

So long as we merely discuss the matter in genoral terms it looks 
as t bough tbe process might go on for generation after generation, 
each member of a family of satellites producing minor satellites to 
circle roiind itself, and so on ad infinituim Common sense suggests 
that this can not go on forever f there must be a limit somewhere. 
Exact calculation confirms the view of common-sense, with the dis¬ 
concerting addition, that we are in danger of overstepping the limit 
if we attempt to account for the whole of the satellites in the solar 
system in the way just suggested. 

i have already mentioned a mathematical formula which enables 
us to calculate the maizes of the bodies formed out of the condensa¬ 
tions in the arms of spiral nebulae. The same formula puts ub in a 
position to calculate the masses of the planets which ought to be 
formed from the filament drawn out of the sun. Let us gUppose that 
when tbe tidal cataclysm took place the sun had a radius equal to 
that of Neptune’s orbit, and therefore a mean density of 5.5X10'^*. 
]..ct us suppose that at the middle parts of the ejected tiJamenl the 
mean density was onc-tenth of this, or 5.5X10"^*. Let us further 
sup[H)SQ that the temperature of the ejected matter corresponded to a 
molecular velocity 4X1^^ ihis being about the molecular velocity of 
hydrogen or oxygen at tlieir ordinary boiling points. Then our 
formula indicates that tbe masses of Uio planets formed out of the 
middle parts of the filament ought to l» about Hf® gni,, a moss inter¬ 
mediate between those of Jupiter and Saturn. This js satisfactory a.s 
showing that there is no numerical dillieulty in supjmsing .Tupiter 
and Saturn to have come into being in the way we have imagined. 
If we like to accept the tidal theory of their birth, we con rovurao 
our calculation and can calculate from their present known masses 
ah at must have been the density of the matter from which they were 
formeil. 

Naturally an inverted calculation of this kiml is not applicable 
only to Jupiter and Saturn; if the tidal hy[»othes 4 S is correct it must 
bo applicable to all the planets and to all their satdiites. For ex¬ 
ample, the first five satellites of Sat'um oil have masses of about 
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5X10” oiir cakulatinii that if satellit-^ii <ainw into 

as condpJisatloH^ Id ii dtanicnt^ the ^as in tliiis ftlameht 

luuBt have been anythinj^ fn>m one to a oullion tiniess as dotiise as 
kad. Sudi a t-onclilHion is^ of coni'ae, prcixistorous. Tlie only p^iptr 
TOficlusiou is that tliese siitolUti^ onn not havo orl^iiated as ga^^e^ms 
uondc!n.sations. 

This condusion is not surprising, or even unexpected. Kvuii now 
these satellites, on aecoimt of the gniallnesa of their mass, arc in- 
capablc of retaining a gaseous atmosphere, whence it follows that 
they ran never have existed In the gaseous state. They must ha%'e 
Iwen born either litpiid or ^litl. 

In this w ay we come iip4m ihe pTactic?»I liiiiitation to tlie jiossibil- 
ity of endless generations of satellites being bom. Primarily it is 
that after a thne the satellites would be too small h^r llidr gravita¬ 
tion to hold them togetJier. A brief reprieve from the o|M! ration of 
this law is afforded by the ixsssibility of the matter lirpiefying or 
evep solidifying before it scatters into space, and it is probably 
owing to the operation of this reprieve that all the satellites of the 
planets^ and probably also the smaller planets them^ivcij^ owe tlieir 
existence. 

What of our earth, which interests us above all other planets? Its 
present mass is mther too small to have been lx>m out of a purely 
gaseous ftlamont, but we must remember that if it were Wm gawns 
a large part of its mass might lie imnidliately dissi[>ated away into 
space, the present earth representing only a remnant of a once much 
more massive planet. This line of inv<^igation leads nowhere, A 
more promising line of attack is through a consideration tif our sateU 
lite* the moon. The more liquid a planet was at its hlrth the li^ 
likely was it to be broken up tidally by the still gaseous sun, but, in 
the event of this breaking up taking place, tlie ratio of mass between 
satellite and primary would 1» much nearer to unity than In the ease 
of a wholly gaseous planet. Thus, as we pass from planets which 
were wholly gascons at birth to planets which were w holly liquid, we 
ought to start from planets? with large numbers of relatively small 
satellit<?s, and after pasKiug through Iho boimdary leases of planets 
with a small number of relatively large satellites reach planets hav¬ 
ing no satellites at alb This is precisely what we find in the solar 
system. Leaving Jupiter and Saturn* each with their nine relativdy 
Fmall satellites, we pass through liars, with its two satellites, to the 
earth, with one relatirely x^xj large satellite, and after this «iriie to 
V^erum and Mercury, with no satellites at alb Proceeding in the 
other direction from Jupiter and Saturn, we pass through Uranus, 
with four smalt satetlitert, to Xeptiino, with one comparatively big 
imteUite. I^kcd at from tliig psdnt of view, the earth-miKin system 
figures as the obvious lioundary case between the planeLs whicb were 
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originilly liquid and those whlcii were nritjiJially gas^iis, the 
!‘eK|)onding houndarj' dase on the oilier half of (he uham being Nep* 
tune. Tims we cmi* conjecture that Mercury and Venus were bom 
liquid or solid, that the earth and Neptune were horn partly liquid 
and pailly gaseous, and that Mars, Jupiter, Sotum, and X'ranus were 
born gaseous. 

Wo have already noticed that Mars and Uranus both have musses 
which are too sniail for their positions In the sequence of planets. ^ If 
tbo planets were born out of a filament of continuously varj’ing 
density, the mass of Mara at birth ought to have been intermediate 
between that of the earth and that of Jupiter, and similarly the mass 
of Uranus at birth ought to have been intermediate between that of 
Neptune and that of Saturn. We have, however, just seen reasons 
for conjecturing that the two anomalous planets, Mara and Uranus, 
were tlie two smallest planets to be born in the gaseous state; they 
would, therefore, be likely to lose more mass by dissipation of their 
outer layers than any of the otlier planets. Let us introduce the sup- 
|>osition that Mars, and to a lesser degree Uranus, lost large parte of 
llieir mass by dissipation Into space; let us suppose that they are 
mere fragments of what were originally much more massive planets, 
then all anomalies disappear, and the pieces of the puzzle begin to 
fit together in a very gratifying manner. 

Nevertheless, and in spite of the high promise which the tidal 
theory seems to hold out, it is far too early to claim that it can finally 
explain the origin of our system. Its claim to consideration at pres¬ 
ent is rather that, so far as 1 know, it pro\ides the only theory of 
that origin which is not open to obvious and insuperable objections. 
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'ms ELECrfRlCAl. STRUCTURE OF MATTERS 


By Prof4 Sip EityUT HtnHttPOHD, U. Sc,, li. B,, I'h, D., B. S, 


It 1 VRS iQ 1896 that this association last met in Liverpool, imdcr 
tlio presidonuy of the kto Lord Lister, that great pioneer in antisep¬ 
tic surgery, whoso memory is held in affectionate remembrance by 
all notions. His address, which dealt mainly with the history of 
the application of antiiieptic methods to surgery and its connection 
with the work of Pasteur, tliat prince of espcrlmentcra, whose birth 
has been so fittingly celebrated this year, gave us in a sense a com¬ 
pleted page of brilliant scientific history. At the same time, in his 
opening remarlcs, Lister emphasized tJio impor^nceof the discovery 
by Rontgen of a new type of radiation, the X rays, which we now 
see marked the beginning of a new and fiiiitfnl era in another 
branch of the science. 

The visit to your city in 1896 was for me a memorable occasion, for 
it was here that I first attended a meeting of this association, and 
hear that I read my first sdcntlfic paper. Hut of mnch more impor¬ 
tance, it was here tliat I benefited by the opportunity, which these 
gatherings so amply afford, of meeting for the first time many of the 
distingnished scientific men of this country and the^ foreign repre¬ 
sentatives of science who were tlie giiesUi of this city on that oc¬ 
casion. Tiie year 1896 has always seemed to me a memorable one for 
other reason^ for on looking back with some sense of jicrspcctive 
we can not fail to reregniiw that the last Liverpool meeting marked 
the beginning of what Ims been aptly termed the heroic age of phys¬ 
ical science. Never before in the history of physics h^ there been 
witnessed such a period of intense activity when discoveries of 
fundamental importance have followed one another with such 

bewildering rapidity. . .i 

The dkeoverj' of X rays by Rontgen had ^n published to the 
world in 1895, while the discovery of the radioactivity of uranium 
by B©c<)uerel was announced early in 1896. Even the most imagina¬ 
tive of our scientific men could never have dreamed at that time of 
the extension of our knowledge of the structure of matter that was to 
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cl 4 ?iThjp from these two fiindanjental discoveries- but m the recortli^ 
of the Liverpcml meeting we see tlie dawning recognition of the pos¬ 
sible €onse<iiiciices of the discovery of X r&ys^ nc)t only in their ap- 
plication to medicine and surgery, but as a new and powerful agent 
for attacking fioine of the fund a mental pmblams of piiysics^ The 
addre^ of Prof. J. .1- Tbonison, president of Section A, was devoted 
mainly to a discussion of the nature of the X rays, am] the remark¬ 
able pix>perticfl induced in gases by the pa^^age of X rajs through 
them—the beginning of a new and fruitful branch of study* 

In applied physics, too- this year marked the beginning of another 
ailvance. In the discusfiion of a paper which I had the honor to 
read, on a new magnetic detector of ekctrietil waves, the late Sir 
William PiciM^ told the meeting of the successful transmission of 
signals for a few bund red yards by electrical waves which had been 
made in England by a young Italian, G. Maicorii. The first public 
demonstration of signaling for short distances by cledrii' waves 
had U-en given by Sir Oliver T^xige at the Oxford meeting of this 
association in It is startling to recall the rapidity of the 

development fnim such small beginnings of the new metbo<l of 
wire]ess inteiTOininiiuication over the greatest teiTCStrial distances. 
In the last few years this has been followed hy the even moi-e rapid 
gi^swth of the allied subject of rndiotcle phony as a practical mean a 
of broadcasting apeech and music to <listances only limited by the 
power of the trau&uiittiug station. The rapidity of these tfxdmical 
advances is an illustration of the close interconnection that must 
exist between pure and applied science if rapid and sure progres?? 
is to l>e made. The electrical engineer has l>ecn able to base his 
technical developments on the sedid foundation of MaxweD*^ elet^tro- 
magnetic theory and its complete verification by the researches of 
Hertz, and also by the experiments of Sir Oliver Tjxlgc in this uni¬ 
versity —hi verification which wns completed long l>eforo the prac¬ 
tical posHibiliiiea of Hus new method of signaling had been generally 
recognized* The later advances in radiotelegi-aphy ami radiotele- 
plinny have largely depended on the ap])lication nf the remits of 
fundamental researches on the properties of electrons^ os illustrated 
in the iis^e of the thermionic valve or electron tube which has proved 
such nti invaluable agent Iwtli for the Irnn^^mission and reception of 
electric waves. 

It IB of great Interest to note that the benefits of thia union of pure 
and applied research have not been one>sided* ' If the fun cl amen tal 
researches of the workers in pure science supply the foundations on 
which the applications are surely built, the siiccesEfnl practical 
application in turn quickens and extends the interest of the investi¬ 
gator in the fiinrlamental problem, w'hile the development of new' 
methods and applianr(ss required for technical purjjoses often pro- 
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vilJes the investigator witli means of atucking stiU more diflicuJt 
questions. This important reaction between pure and applied 
science cim be illnstmted in tuany branches of knowMgc. It is 
particularly iniinifest in the indu^rial development of X*rey radio¬ 
graphy for therapeutic and industrial purposes, where the devolop- 
incnl on a Urge scale of special X-ray tubes and improved inethmis 
of excitation has given the physicist much more efiicient tools to carry 
out lu8 researches on the nature of the rays themselves and on the 
stntcLure of the atom. In this ago no one can draw any sharp line 
of distinction between the importance of so-called pure and applied 
research. Both are equally essential to progress, and wo can not 
but recognize that without flourSsliing schools of researeh on, funda- 
iiieiital matters in our universities and scientific institutions technical 
research must tend to witlier. Fortunately there is little n«d to 
labor this point at die meunent, for the importance of a training in 
pure research has been generally recognized. The Department of 
Scientific and Industrial Research has made a generous provision 
of grants to train qualified young men of promise in research 
methods in our scientific Institutions, and has aided special funda- 
iiietitnl rescai'ches which are clearly beyond the capacity of a labora¬ 
tory to finance from its own funds. Those who have the responsi¬ 
bility of administering the grants in aid of roseaicb, both for pure 
and applied science, will need all their wisdom aTid experience to 
make a wise allocation of funds to secure the maximum of rcsulte 
for the minimum of expenditure. It is fatally easy to spend much 
money in direct frontal attack on some technical problem of im¬ 
portance when the solution may depend on some addition to know- 
Icd^^ which con gain«i in some other fieUl of scientific inquiry 
])ossibly at a trifling cost. It is nut in any sense my purpose to 
criticize those bodies which administer funds for foiitering pure and 
applied research, but to emphasize how dilficuit it is to strike the 
wrrect balance between the oxiscnditure on pure and applied science 
in order to achieve the best results in the long run. 

It is my intention this evening to refer very briefly to some of 
tlie main features of that great advance m knowledge of tlie nature 
of electricity and matter which is one of the salient features of the 
interval since the last meeting of this association in Liverpool. 

In order to view the extensive territory which has been conquered 
by science in tliia interval, it is desitablc to give a brief summary 
of the state of knowledge of the constitution of matter at the fae- 
giniiing of this epoch. Ever since its announcement by Dalton the 
atomic theory has steadily gained ground, and formed tho philo- 
eophic basis for the explanation of the facts of chemical combina¬ 
tion. In the early stages of its application to physics and cliemi^ 
try it was unnecessary to Imve any detailed knowletlge of the di- 
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men^dns or Etructure of tbe atom. It ^vos oiiLy neces^ry to a^umo 
that the atoma acted as individual uuits^ and to know the ralaiive 
masses of the atouis of the different elements. In the ne^ct stage^ 
for example, in tiie kinetk theory of gasea, it was possible to explain 
the main properties of gases by supposing that the atoms of the 
gaa acted aa minute perfectly clastic spheres. During this period, 
by the application of a ^-ariefcy of methods^ many of which were due 
to Lord Kelvin, rough estimates had bem obtained of the absolute 
dim€Uisiotks and nmss of the atoms. These brought out the minute 
size and miiss of the atom and tlic enormous number of atoms neoes- 
sarr to produce a detectable effect in any . kind of measurements 
From this arose the general idea that the atomic theory must of 
necessity forever remain nnverifiable hy direct experiment, and for 
this reason it was suggested by ono school of thought that the 
atomic theory alioiild be banished from the teaching of chemistry, 
and that the law of multiple proportions diould he accepted as the 
ultimate fact of chemhit^y^ 

While the vaguest ideas wero held as to the possible structure of 
atoms, there waa a general belief among the more philosophically 
minded tiiat the atoms of the elements could not be regarded as 
simple unconnected units. Tlie periodic variations of the properties 
of the elements brought out by Alenddeeff were only explicable if 
atoms were similar structures in some way constructed of similar 
material We shall see that the problem of the constitiUton of 
atoms is Intimately counecti^ with our coucepLion of tlie nature of 
electricity. The wonderful success of tke electromagnetic theory 
had eoncenlmted attention on the mediutn or ether surrounding the 
conductor of electricity, and little attention had been paid to the ac¬ 
tual carriers of the electric current itself. At the same time the 
idea was generally gaining ground llmt an CiXplanation of the le- 
suits of Faraday^s experiments on eJectroIyBis was only possible on 
the assumption that electricity, tike matter, was atomic in nature. 

The tiiune ^'electron” had even been given to this fundamental 
unit by Johnstone Stoney, and its magnitude roughly miniated, 
but the full recognition of the signiGcaueo and importance of this 
conception belongs to the new epoch. 

For the clarifying of these somewhat vague ideos^ the proof in 
1897 of the independent exiateuce of the oleetron as a mobile eW- 
trified unit, of mass minute comiwired with that of the lightest atom, 
was of extraordinary importance. It was soon seen that the elec^ 
tron must be a constituent of all the atoms of matter, and that 
optical spectra had their origin in their vibrations* The discovery 
of the electron and the proof of its liberation by a variety of 
methods from ail the atoms of matter W'as of the utmost slgnih- 
emnoe, for it strengthened the view that the electron was probably 
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the cdRimon unit in the strucfiiire of atoms wliicli tlie periodic va¬ 
riation of the chemicftJ pit>perlie$ had indicatad. It gave for the 
first time some hope of the success of an attack on that most funda¬ 
mental of all prohiems—the detailed structure of tim atom. In 
the early development of tliis subject science owes touch to the work 
of Sir TliomsonH, both for the boldness of his ideas and for 
his ingenuity in developing methods for estimating the number of 
electrons in the atom, and of probing its structure. He early took 
the view that the atom must bo an electrical structure^, held together 
by electrical forces^ and showed in a geneml way lines of possible 
explanation of the variation of physical and chemical properties 
of the elementa, exemplified in the periodic law« 

In the meantime our whole conception of the atom and of the 
magnitude of the forces which held it together was revoiudonisEed 
by tlie stud}' of radioactivity^ I'he discovery of radium was a great 
step in advance, for it provided the experimenter with powerful 
sources of radiation specially suitable for examining the nature of 
the ctiaracteriatic radiations which arc emitted by the radioactive 
bodi^ in geoerah It was soon shown that the atoms of radioactlvo 
matter were undergoing spontaneous transformation, and that the 
characteristic radiations emitted^ via, the P, and 7 raya, were an 
accompaniment and consequence of tiu^ atomic exploaionR. The 
wonderful succession of changes lliat occur in uranium^ more than 
30 in number, was soon di&clo^ and simply interpreted on the 
transformation theory. The radioactive ejements provide us for 
the first time with a glimi^se into Xaturc’s laboratory and allow ua 
to watch and study but not control the changes that have their ori¬ 
gin in. the heart of the radioactive atoms. These atomio explo¬ 
sions involve energies which are gigantic compared with these^ in¬ 
volved in any ordinary physical or chemical process. In the ma¬ 
jority of cases on a particle is expelled at high speed, but in otlieni 
a Rwift electron is ejected often accompanied by a 7 ray, which is 
a very penetrating X ray of high frequency. The proof that the * 
poxtiglo 18 ft charged helium atom for the first time disclosed tlie im¬ 
portance of helium as one of the units in the structure of the radio¬ 
active atoms, and probably also in that of the atoms of most of tlie 
ordinary elements. Not only then have the radioactive elements had 
the greatest direct mflaenoe on natural philosophy, but in subaidian^ 
ways they have provided m with experimental methods of almost 
etiual importance* The use of a particles as projectiles Avith which 
to explore the interior of the atom has definitely exhibited its nu¬ 
clear structure, has led to artificial disintegration of certain light 
atoms, and promises to yield more information yet as to the actual 
structure of the nucleus itself. 


160 AX UAL ItlLPOKT SMJTHBOXlAXyiXSnTUTIOXj 1^2:4 

Th& mfluetioe ol rudioactivity tins aliio extended to ytt iinotlii'r Held 
of study of fflscinatmg interest. We have seen that the first rouf^h 
estiLUJites of the siio and mass of the atom gave little hope that we 
could detect the eJTect of a single atom. The discovery that the radio- 
Lictive bodies expel actual charged atoms of hdiutii with ciifuauous 
energy altered this nspect of the probleuu The energy associated 
with a single a particle is so great that it can readily be detected by 
a variety of methods. Each a piirticleT as Sir Willituu Crookes first 
sliowcd^ produces a Hash of light eiiaily visible in a dark room when 
it falls on a aemm coated w'ith crjjitals of aiuc sulphide. This scin¬ 
tillation method of counting individual particles has proved invalu¬ 
able in many researches^ for it gives us a method of tinequaled deli¬ 
cacy for studying the effects of single atom^^^ The a particle can also 
l>o delected electrically or photographically., but the most powerful 
Hud beautiful of all methods is that perfected by Mr^ C. T. K. Wilson 
for observing the tmek through a gas not only of an a particle but 
of any type of penetrating radiation w'hkh proiiuces ions or of elec¬ 
trified part teles along its path. Tiie method is comparatively simple^ 
ilepending on the fact, first discovered by hiniT that if a gas satunited 
with moisture is suddenly cooled each of the ious pioduccd by the 
rndiatiou becomes the nucleus of a visible drop of water^ Tlie water- 
drops along tho track of tlie a particle are clearly visible to tJio eye^ 
nnd can be recorded photngrapiucally. These t>eautiful photography 
of the etiect produted by fiiuglo atoms or single electrons appeal^ I 
think, greatly to all scientific men. They not only ^Iford convincing 
evidence of the discrete nature of these particles, but give us new 
courage and confidence that the scientific methods of ex|>erinient 
and deduction arc to be relied upon in this field of inquiry; for 
many of the es^^tial points brought out so clearly and concretely in 
these phntogTaphs were correctly de«luccd long before such confirma¬ 
tory photographs were available. At tho same time, a minute study 
of the detail disclosed in Ihese photographs gives us most valuable 
infoniiation and new’ clues oa many recondite effects produced by the 
passage through matter of these flying projectiles and penetrating 
radiations. 

In the mcuutiinc a munber of new metliod^ had been devised to fix 
w'ith some accuracy the mass of the individual atom and the number 
in any given quantity of matter. The concordant results obtained by 
widely difTerent physical principles gave great confidence in the 
correctness of the atomic idea of matter. The method found capable 
of moat nccnracy depends on the definite proof of the atomic nature 
of electricity and the exact valuation of this fundamental unit of 
charge. Wo have seen that it was early surmised tlmt electricity was 
atom Sc in nature. 'Fhis view was confirmed and extended by a study 
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of the carried by electrons, a particles^ and the ions pro<lucod 

in gases by X rays and the mjs from radioactive inuiter. It ivas 
Jirst shown by ToT^Tisend that the positive or negative cl targe carried 
by an ion m giises was invariably equal to the charge carried by tiie 
Itydrogeii ion in the electrolysis of water, whicli we have seen was 
assumed, and a^umed coiTcctly, by .rohiL^one Stemey to he tiie 
fund amenta I unit of charge. Various mctliotis were devised to 
meu^nrp the magnitude of this fllnd^tIllental unit; tlie best known and 
iiiost accurate is that used by JlilUkaiL whk-h detrends on comparing 
the poll of an electric fieiil on a charged ^Iroplet of oil or mercury 
with the weight of the drop. Ilis e3£]jerimcnts gavt a most conriwe- 
ing proof of the correctness of the electronic theory, and gave a 
iTieasuro of this unit« the most fundamental of all pitysieai units, 
with an accuracy of fiboiit one in a thousand. Kno^ving this value, 
we can by the aid of electrochemical data easily deduce the mass of 
the indi^ddiial atoin^ and the numlicr of tnolcciiles in a cubic centi¬ 
meter of any gas witli an accuracy of ix>ssiblY one in ti thousand, 
but certainly better than one in a hundred- \^*hen we consider the 
niiniiteness of the unit of electricity and of the mass of the iitoin this 
cx[>erimontal achievement is one of the most notable even m an era of 
great advances. 

The idea of the atomic nature of electriciti' is very closely CfUiiiected 
with the altack on the problem of the Btructiire of the atcun. If the 
irtnm is an elet^trical structure it can only contain an integral nmjd>cr 
of cliiirged units, and, it is ordinarily ncutmL the number of 
units of positive charge must equal the nunilwr of netrutive. (^ne 
of the main difhculties in this problem has been the uniOrtainty as to 
the relative part played by positive and n-c^tive eler.tricjty in the 
structure of tbe atom. IV'e know that I he clectnin has a negative 
charge of one fund ament a I imitt while the charged hydrogen atom^ 
whether in electroIysLs or iu the electric discharge, has a charge ol 
one unit. Unt the tuaas of Ihc electron is only 1/1840 of the 

niiLEs of tlie hydrogen atom, and though nn extensive search has been 
made^ not tlie slightegt evidence has liocn found of ihc ^existence of 
a positive electmti of small mass like the negative. In no case has 
a positive charge bci*n found associated with a mass le^s than that 
of the charged atom of hydrogen* This difference between positive 
anti negative electricity is at first sight very surprising, but the 
deeper we pursue our inquiries the more tills fundamental difference 
fH>twcen tiie units of pci^itive and negative electricity is emphasized- 
In fact^ as westiall see later, the atoms are quite imsymmetrical struc¬ 
tures with regard to the posHJvo and negative units contained in 
them, and indeed it seems ceHain that if there were not this differeace 
in moss between the two units, matter, as we know^ it, could not exist. 
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It is natural to inquire what cxplanaUon can be Riven of this 
striking difference in nrnss of tlie two units. I think all scientific men 
are convinced that the small muss of tlie negative electron is to he 
entirely associated with the energy of its electrical structure, BO tliat 
the electron may be regarded as a disembodied atom of negative 
electrieitv. We know that an electron in motion. In addition to pos* 
ecssiug on electric field, also genemlcs a magnetic field around it, 
and energy in the elccti-onmgnetic form is stored in the incdiiim and 
inovea with it. Tliia gives the electron an apparent or electrical 
mass, which, while nearly constant for ^ow spotKln, Increases rapidly 
as its velocity npproacheB that of light. This increase of ma^ is in 
good accord with calrolntlon, whether based on ttie ordinary electrical 
theory or on the tlieoiy of relativity. Now we know that the hydro- 
gen atom is the lightest of all atoms, and la presumably the simplest 
in structure, and that the charged hydrogen atom, which we shall see 
is to be regarded as the hydrogen micieua, carries a unit positive 
charge. It is thus natural to suppose that the hydrogen nucleus is the 
Bt ^ P i of positive electricity, or positive electron, analogous to the 
negative electron, but differing from it in mass. Electrical theory 
shows tliat the mass of a given charge of electricity increases with 
the concentration, and tlie greater mass of the hydrogen nucleius 
would be accounted for if its size wero much smaller than that of 
the electron. 8uch a conclusion is supported by evidence obtained 
from the study of the close collisions of a particles with hydrogen 
nudei. It is found (hat the hydrogen nucleus must be of minute size, 
of radius leas than the electron, which is usually supposed to be about 
10-*' cms.; also tlie experimental evidence is not inconsistent with 
the view that the hydrogen nucleus may actually be much smaller 
than the electron. While tlio greater mass of the positive atom of 
electricity may be explained in this way, we ore still left with the 
enigma why the two units of electricity should differ so markedly in 
this respect. In the present state of our knowledge it docs not seem 
possible to push this inquiry further or bo discuss the problem of the 
relation of these tw<i units. 

We shall see that there is the strongest evidence that the atoms 
of matter are built up of these two electrical units, viz, the electron 
and the hydrogen nucleus or proton, as It is usnalty called when it 
fonns part of the structure of any atom. It is probable that tlicge 
two are the fundamental and indivisible units which build up our 
universe, but we may reserve in our mind the possibility that further 
inquiry may some day show that these nnits are complex, and divisible 
into even more fundamctitiil entities. On the views we hai*e ntitUned, 
the moss of the atom is the sum of the electrical niBgfiec of the indi¬ 
vidual charged units composing its structure, and there is no need to 
assume that any other kind of muss exists At the same time, it is 
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to be borne in mind that the actual of an atom may be some^'bat 
less than the sum of the mases of component positive and negative 
electrons when in the free state* On account of the very close 
proximity of the charged units in the nucleus of an atom^ and the 
consequent disturbance of the electric and magnetic field surrounding 
theniH. such a decrease of ma^ is to be anticipated on general theo¬ 
retical grounds, 

IVe mupt now look back again to tho earlier stages of the present 
epoch in order to trace the development of our ideas on the detailed 
structure of the atom- That electrons as snch were important con^ 
stitiients was clear by iDOOj but little real progress followed nnti! the 
part played by the positive charges was made clear. Now light was 
thrown on this subject hy examining the deviation of a particles 
when they passed through the atoms of matter. It was found that 
oocasionallj s ewift a particle was deflected from its rectilinear path 
through more than a right angle hy an enwunter with a single 
atom* In auch a collision the laws of dynainica ordinarily apply^ 
and the relation between the velocities of the colliding atoms before 
and after collision are exactly the same as if the two colliding par¬ 
ticles are regarded m perfectly elastic sjiheres of miniito dimensions. 
It must* however^ be borne in mind that in these atomic collbions 
there is no question of mechanical impacts such as we obsserve with 
onlinary matter. Tlie reaction between the two particles occurs 
through the intermediaTy of the powerful electric fields that sur¬ 
round them. Beautiful photographs iliustratlng the accuracy of 
these laws of eoUidon between an a pardele and an atom have been 
obtained by Messrs. Wilson, Blackett, and others, while Mr. Wilson 
has recently obtained many striking illustrations of collisions be¬ 
tween two electrons. Remembering the great kinetic energi^ of the 
particle, its deflection through a large angle in a single atomic 
encounter shows clearly that very intense deflecting forces exist 
inside the atom. It seemed clear that electric fields of the re<iuired 
magnitude could be obtained only if the m^in charge of the atom 
were coni'entrated in a minute nucleus From this arose the con¬ 
ception of the nuclear atom* now so well known, in which the heart 
of the atom is supposed to consist of a minute but massive nucleus* 
carrying a ptjsitive charge of electricity* and surrounded at a difs- 
tance by the requisite number of electrons to form a neutral atom. 

A detailed study of the scattering of a particles at different angles 
by Geiger and Marsden showed that the rosults wore in close accord 
with this theor)”, and that the intense forces near the nucleus 
varied according to the ordinary inverse square law* In addition, 
the extjorjmcnts alloAved us to fix an upper limit for the dimensions 
of the niicloiis. For a lieavy atom like that of gold the radius of 
the nucleus* if supposed to be spherical, was le^es than one thousandth 
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ijf ihu mdius of the cunifd^to aUnu ssirround^d by electrons^ uod 
c^^rtaialy Ichss than 4X All the atomic were found to alum’ 

this nuckar struf:turOj and an approximaLo estimate was made of the 
nuclear ehar^ of diifcrent atoms. This ty^w of nuclear atom, bused 
on direct ejcperimeiital oiddcnce, possaesscs some vor^' siiiipk proper¬ 
ties, It is obvious Oiat the numlwi- of units of resultant i^ositive 
diiiri^ ill llir nucleus fixes tlir ruimlHT fif tlie outer pjHindury t hc- 
trons in the neiiti^l atonn In additii>n« since tbci^ outer electrons 
are m Eomo way held in et|ul]ibnu[n by the attractive forces from 
the nucleus, atid, since we are confident from general physical and 
chemical evidence that all atonis of any one element nro identical 
in their external structure* it is clear tliat their ariaiigenient and 
niolLon must be g;overned entirely by the magnitude of the nuclear 
clmrgc. Since the ordinary' cliemical and physical properties are 
to lie ascribed mainly to the configiirHticui ami motion of tlie nuter 
elecLcoiis, it foHowa that the properties of an atom are defined by a 
whole nlimber representing its nuclear cliarge. It thus becomes of 
great importaJiCe to determine the value of this nuclear charge for 
the atoms of all llie elements. 

Data obtained fn^m the scattering of 3 particles, and also from 
the st^attering of X ray a by light eleiueiits, indicated that the nudes r 
charge of on dement w as numerically efjiial to alxiut half the atuiuir 
weight in terms of hydrogen. It was fairly clear from general evi¬ 
dence that tho hydrogen nuckus had a charge one, and the helium 
iiiideus {tlie » particle) a charge two. At this stage another dis¬ 
covery of great inipurtance provided a powerful metlnol of attack 
on this problem. Tlie investigation by Laue on the diiTraciion of 
X rays by cryslals had shown definitely tlmt X rays were electro¬ 
magnetic wav^ of much shorter wave-length than light, and t]ie 
experinionts of Sir Willi am Bragg and W. U Bragg had prtivided 
simple methods for studying the s^^ectra of a beam of X rava. It 
was found that the sjjectrnm in general sLoavs a continuous* back¬ 
ground on which is su|>erimposed a er|>cctrum of bright lini^. At 
this stage II, G* J* Moseky ^gan a reweardi Avith the intentioTi of 
deciding whether the properties of an element depended on its 
nuclear charge rather than on ils atomic Aveight as or<liiiarily sup¬ 
posed. For this purpose ilie X-ray spetira emitted hy a numljer 
of ekmente wore examined and found to Ijo all siniiJar in tvjie 
The fnxpicncy of 11 given line vvoi^ found lo vary very neailv as 
tlic E(|uara of a whole number which varied by unity in pacing 
from one element to the nest, ^foseky ideDtifiGd This whole num¬ 
ber Avith the atomic or ordinal number of the elements Avhen ar¬ 
ranged in inert^aaing order of atomic weight, allowance being made 
for the known anomalies in the perifslic talde and for certain gaps 
corresponding to j>OHsibk hut inifCHing clementa, iJe coneliideil that 
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tho atomic nuuibcr of an element wes u measure of its nuclear 
ehar^e, und the correotneKH of this deduction lias been recently veti- 
lie^i by Ohattiyick by direct experiment on the scatteriiij^ of a 
Ijnrticies. Mo«eley-s discoi'ory is of fundnmental importance, for it 
not only fixes the number of eleetrons in all t!ic atoms, but shows 
conclusively tlmt the properties of an atonit as Imd been surmised* 
are determined not by its atomic ^veiprht but by its nu/Iear chutjiife. 
A ndation of ijnexftected sitn|jlicity is thus found to liold between 
the elements. No one could have anticipated that w-itb few excep¬ 
tions all atomic numbers between hydrogen 1 and uranium would 
coriuspond to known elements. The great power of liftecley^s law 
in fixing the atomic number of an dement is well illustrated l>y the 
recent discovery by Cfister and Ilevesy in Coisenlmgcn of the mi^ai- 
ing dement of atomic niimi>cr 7S, which they have named 
'“hafnium.''' 

Once the salient features of the structure of atoms have been fixi^d 
and the number of electrons known, the further study of the struc¬ 
ture of the atom falls naturally into two great divisiona: One, the 
arrangement of the outer electrons wdiich controls the inain pbydeal 
and chemical properties of an dement, and the other the structure 
of the nucleus on which tlie mass and radioactiyity of the atom de¬ 
pends* On the nuclear theory the hydrogen atom is of extreme sim¬ 
plicity, &:insisting of a singly-diarged positive nudeus with only 
one attendant electron. The position and motions of the single elec¬ 
tron must account for the complicated optical spectrum, and what¬ 
ever physical and chemica! properties are to be attributed to the 
hydrogen atom* The first definite attack on the problem of the 
electronic structure of the atom was made by Kiels Bohr, He saw 
clearly that, if this simple conatitulion was assumed, it is impossible 
to account for the spectrum of hydrogen on the dasaical electrical 
theories*, but that a radical departure from existing views avos neces¬ 
sary* For this^ purpose he applied to the atom the essential ideas of 
the quantum theory Avhich had been developed by Planck for other 
purpose, and had been found of great senice In explaining many 
fundamental diRiculties in other branches of scienre. On Planck^s 
thenry- radiation is emitted in definite units or qtianta, in which the 
energy E of a radiation b equal to Av where v is the frequency of 
the radiation measured by the ordinary methods and k a imiverHol 
constant. This quantum of radiation is not a definite fixed unit like 
the atom of doctricity, for its magnitude depends on the frequency 
of the radtatioiu For example, the energ)' of a quantum is small for 
visible light* but bermnes largo for ra{liiition of high fTecpiency cor¬ 
responding to the X rays or the y rays from radium. 

Time docs not allow mo to discus the underlying meaning of the 
quantum theory «>r the dilficnUies rannected with it. Certain aspects 
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of the difficijUies were cliscuassed in the presidential address before 
this association by Sir Olirer Lodge at Uirminghain in lbl3i It 
fiuflices to say that this tbeoi^ has proved of great value in several 
branches of science, and is supported by a large moss of direct c:?- 
I«rlmental eridence. 

In applying the quantum theory to the structure of the hydrogen 
ntoin Bohr supposed that the single electron could move in a number 
of stable orbits, controlled by die attractive force of the nudeuB, 
without losing energy by radiation. The position and character of 
these orbits were defined by certain quantum relations depending 
on one or more whole numbenf. It was as^umcii that radiation was 
only emitted when the electron for some rcatnin was transferred 
from one stable orbit to another of lower energj’. In iiurh a ciisc it 
wiiB Kiipposed that a Jiojiiogeneoiis radiation was emitted of fre* 
queniy v determined by the quantum relation E=Av where E was 
the difference of the energy of the electron in the two orbits. Some 
of these possible orbits are circular, others elliptical, with the nucleus 
^ as a fotus, while if the change of mass of the electron with velocity 
la taken into account the orbits, os Sommerfeld showed, depend on 
two quantum numbers, and are not closed, but consist of a nearly 
elliptical orbit slowly rotating round the nucleuB. In this way it is 
IKi^blo not only to account for the series relations between tlie 
bright lines of the hydrogen spectrum, but also to explain the fine 
structure of the lines and the very complicated clianges observed 
when the radiating atoms are exposed in a strong magnetic or elec¬ 
tric field. Under ordinary conditions the electron in the hydrof^n 
atom rotates in a circular orbit dosp to the nucleus, but if the atoms 
are excited by an electric diacharge or other suitable method, the 
electron may be displaced and occupy any one of the stable positions 
specified by tho theory. In a radiating gas giving the complete 
hydrogen spectrum there will be present many different hinds of 
hydrogen atoms, in each of which the electron describes one of the 
iwssibb orbits specified by the theory'- f>n this view it is seen that 
the variety of modes of vibration of the hydrogen atom iaascribed not 
to complexity of the structure of the atom, but to the variety of stoble 
orbits wliich an electron may occupy relative to the nucloiis. This 
novel theory of the origin of spectra has been developed so as to 
apply not only to hydrogen but to all the elements, and has I)eeti 
instrumental in throwing a flood of light on the relations and oriein 
of dieir spectra, both X ray and optical. The information thus 
gamed has been applied by Bohr to determine the distribution of 
tlte electrons round the nudeua of any atom. The problem is ob- 
lintiflly much less complirated for hydrogen than for a heavy atom 
where each of the largo number of electrons present acts on the’ 
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other, and wliere the orbits described arc irnich more kitrieaie than 
tlia orbit of the single electron in hydrogen- Kolwithstanding the 
great difficulties of such a complicated system of electrons in motioiu 
it has btwn possible to fix the quantum uumbers that oharactarisse the 
motion of each clectroHj and to form at any rate a rough idea of the 
character of the c>rbitv 

These planetai y electrotis diride themselves up into groups, accord* 
ing as their orbits are characterised by one or more equal quantuni 
numbers Without going into detail a few examples may be given 
to illustral;e the conclusions which have been reached. As we have 
seen, the first dement hydrogen has a nuclear charge of I and I 
electron; the second^ helium^ has a charge 2 and 3 electrons, foovmg 
in coupled orbits on the detailed nature of which there Is stiH some 
uncertainty. These two electrons form a definite groiqj, known as 
the K grtiupj which is oominnn to all the elcmcints except hydrogen* 
For increasing nudear charge the K group of electrons retain their 
characteristics, but move with increasing sfjeed, and approach closer 
to the DU clous. As wo pass from helium of atomic number 2 to 
rcon^ number LO, a new group of electrons m added consisting of 
iTVo Hubgroupa, each of four electrons* together called the L group. 
This L group appears in all atoin.^ of higher atomic number^ and, 
as In the ca5» of the K groups the speed of motion cf the electrons 
increases, and the size of tlieir orbits diminishes with the atomic 
number. When once the L group has been completed a new and still 
more complicated M group of electrons begins forming outside 
and A similar proccos goes on until Uranium, which hes the highest 
atomic number, is readied- 

It may be of interest to try to Yisuallxo the conception of the 
atom we have so far reached by taking for illustration the heaviest 
atom, uranium. At the center of the atom is a minute nucleus sur¬ 
rounded by A swirling group of 22 electrons* all in motion in definite 
orbits and occupying but by no means filling a volume very large 
compared with that of the nucleus. Some of the electrons describe 
nearly circular orbiLs round the nucleus; others, orbits of a more 
elliptical shape wdiose axes rotate rapidly round the nucleus. The 
motion of the electrons in the dilFerent groups is not necessarily 
confined to a definite region of the atom, but the electrons of one 
group may penetrate deeply into the region mainly occupied by 
another group, thus giving a type of interconnection or coupling 
between the various groups. The maximum speed of any dootron 
depends on the closeness of the approach to the nucleus, hut the 
outermost electron will have a minimum apeed of more than l,OCX) 
kilometers per eeeondj avIuIo the innermost K electrons have qh 
average speed of more than 150,(KKl kilometers per ficcond, or half the 


174 ANinjAL HEPOnT SilJTHfiONlAK INSTITUTION ^ lia4 

srpofld of Ill'llt. wc visualize the extraordinary eomplexity 

of the fllectronic fiystejii we may lie surprised ihst it has Ikwh pos¬ 
sible to find any order in the apparent medley of motions. 

In reachinir thei^e conclu-sicms, w‘hich we owe larfijoly to Profcs?^r 
I5ohr and his coworkersi every available kind of data about the 
different aton:is has been taken into consideration. A study of the 
X-rav' spectra^ in particular^ atTords infuitnation of great value ns 
to the arranffement of the various groups in the atom^ while the 
optical gpettrum and general ehemical properties are of great im¬ 
port ante in deciding the ar ranine men ts of the superficiaf electrons. 
While the soltition of the grouping of the electrons i>roi>oscd by 
Bohr has been assisted by cousideraLions of this kind^ it is not em¬ 
pirical in character, hut has l>een largely based on general theoretical 
considerations of the orbits of electrons that aro physicfllly poisible 
on tile generaliaed quantum theory^ The real pTObiem involved may 
be illustrated in the following ivay» Suppose the gold nucleus be in 
ifoiiie way stripped of its attendant 70 electrons and that the atom 
is reconstituted by the successive addition of electrons one by one* 
According to Bohr the atom will be iwrganiMd in one way only, 
and one group after another will successively fonu and be filled 
Up in the nuuiuer outlined. Tbe nuckuB atom has often been likened 
to a mint system where the sun corresponds to the nucleus and the 
planctg to the eketrons. The analogy* however^ must not bo pressed 
too far. Suppose, for exaiupk, we imagineil that some large and 
swdfl celestial visitor traversers and escapes from our solar systeiu 
without any catastrophe to itself or the planets* There will in¬ 
evitably I'csult permanent changes in the lengtlis of the month and 
year, and our system will never return to its original state. Con¬ 
trail this with the oUect of shootingonclectix>n or apailick through 
the electronic structure of the atom. The motion of many of the 
electrons will be disturbed by its pasb-age. and in special cases an 
electron may be removed from its orbit and liurkil out of its atomic 
sv'stcjii. Ill a .short time another electron will fall into the vacant 
place from one of the outer groups^ and this vacant place in tnm 
will bo filled up, and so on until the atom k again reorganized. In 
fill coses the final state of the elect runic aysteiu is the same as in the 
beginning- Thin illustration also serves to indicate the origin of 
the X rays cxcjted in the atom, fi>r these arise in the process of 
reformation of an atom from which an electron has been ejeckd, 
and the radiation of highest frequency arises when the electron is 
removed from the K group. 

It is possibly too KX)n to express a final opiniori nu the accuracy of 
this theory which defines the outer stnicture of the atonu hut there 
can be no doubt that it constitutes a great advanco* Not only does 
it offer a general explanation of the optical nnd X-ray spectra of the 
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liiom hut it accounts in detail for rimfiy of the most cUaracteriiitk 
features of the t>eriodic law of Mendekeff. It m for the first 

time a tkar idea of tlio reason for llie appeaiiinoe in tli® fiimily of 
ekmenU of ^oups of conseeiiiive elements with similar chemical 
pnipcrties^ such as the groups analogous to the iron group and the 
unique group of rare earths. The theory of Bohr, like all living 
theorists, has not only correlated ii multitude of isolated farts known 
about the atom, but has shown its power to predict new relations 
which can be verified by c^eperirnent. For examine, the theory 
predicted the relations wdiich must subsist between the Rydberg 
constants of the arc and spark spectra* and generally between all 
the succef^sive optical spectra of an element, a predict ion so strik¬ 
ingly confirmed by Paschen^s work on I ho spcctruni of doubly 
ionized iduminium and Fowier^s work on the s]>ectrum of injbly 
ionized silicon* Finally it predicted with such great confidence the 
chemical properties of the nnsslng element, number 7S, that it g;ive 
the ncccfsar}" incentive for its recent discovery* 

WTiile tho progrofflii of our knowledge of the outer structui*© of 
atoms has been much more rapid than could have been anticipated, 
we clearly see that only a beginning has Ijccn made on this great 
problem^ and that an enormous amount of work is still required 
before we can hope to form anything like a complete picture even 
of the outer strijctiire of the atom* We may bo confident that the 
uiniti features of the structure are clear, hut in a problem of such 
great cotnpkxity progress in detail must of necessity be difficult 
and slow. 

IVe have not f50 far roferred to the very difficult qiiestiDn of the 
explanation on this theory of the chemical combi nit t ion of atoms. 
In fact, ns yet the theoiy has hardly concerned itself with mole¬ 
cular structure. Oa the cheJiiical -^ide. howov^r^ certain advances 
have already bean made^ notably by i}^ N, I^wia, Koaseh and Ijung- 
muir, in the interpretation of the cliemical evidence by the idea of 
sharcLl electrons^i, which play n ptirt in the electronic structure of 
two coinhincil ntojnfi* There can be little doubt that the next decade 
tvill SCO fin intensified attack by physicists ancl chemists on thk very 
imfK^rtant but nndcHibtedly very complicated qucstioii^ 

Before leaving tins subject* it may l)e of interest to refer to ecr- 
tain ja}mts in Bohr's theory of a morii philosophical nature^ It is 
seen that tbn orbits and energies of the various groups of cletf mns 
can be specified by certain quantum numliers anil the nature of the 
nuliation asRociated with a change of orbit can l>i!i dalined* But at the 
saino time %ve can not explain why these orbits are alone ijeriniariible 
under normal conditions, or underzitand the |[U%diaiiisiii by which I’a- 
diation is emitted. It may be quite po^ible to forniulate accurately 
the energy^ relation of the electrons in the atom on a simple theory, 
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and to explain in coosidembJo all the properties of an iLlotn^ 

with oil t any clectr imderstandin;; of the underlvmg processes which 
lead to tiie^e itsults. It is natural to hope that with advaftce of 
knowledge wo may be able to the detaib of the process which 

leads to the emission of tinliationj and to underhand why the orbits 
of the electrons in the atom are donned by tho quantum relations. 
Some, however, are inclined to take the view' that In the present 
state of knowledge it may bo quite impos^bie in the natiira of 
things lo form that detailed pkturo in space and time of succes¬ 
sive events that we have been accustomed to consider us so impon- 
ant a part of a complete theory. ITie atom Is naturally the most 
fundamental stnicturo presented to m. Its projicrties must explain 
tlie propcrlios of all more complicated structures, including matter 
in bulk, but we may not, therefore, bo justified in tipocting that 
its processes can be explained in terms of concepts derived entirely 
fjom a study of molar properties. The atomic processes involved 
may Iki so fundamental that a complete iinder^andlng may be 
denied us. It is early yet to be pessimistic on this question^ for 
we may hope that our diEculties may any day be resolved by further 
discoveries^ 

We must now turn our attention to that now and comparativclv 
tmexplorcKl territoryj the nucletm of the atom. In a discussion on 
the ^nicture of tlio atom ten years ago, in answer to a question on 
the structure of the nudeus, I was rash enough to say that it was 
a problem that might well bo left to the next generation, for at that 
time there seemed to be few obvious methods of attack to throw light 
on its constitution, While much more progress has bean made 
than appeared possible at that time, tlte problem of the lEtructure 
of the nucleus is inherently more difficult than the allied problem 
already considered of the structure of the outer atom, where we 
have It wealth of Infonuiilion bbtained from tlio study of light 
and X-ray spectra and from the chemical properties to test the 
accuracy of Our theories. 

In tlie case of the nucleus, we know its resultant charge, (ixed bv 
Moseley's law, and its inass, which is very nearly equal to the nia^ 
of the W’hole atom, ainoe the uiaia of the planetary electrons is rela¬ 
tively very small and rnaj*^ for moat purposes Ijo noglee ted. Wb 
know that the nucleus is of size niinuLe compared w^jth that of the 
whole stum, and can with some conlidence set a maximum limit to 
its size. The study of radioactive bodies has prfjvided us with verv 
valuable informaiion on Iho ^ructure of the tiuclcus,. for we know 
that the « and p particles must be expelled from it, and thero is 
strong evidence that the verj^ penetrating y tnya represent modes of 
ribrntion of the electrons contained in its structure. In the long 
series of transformations which occur in the uranium atom, eight 
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^ particles nro emitted and six electrons^ and it seeirts clear that tJie 
nucleus of a heavy atom is built up, m part at least, of helium 
nuclei and electrons. It is natural to suppose that maziy of tho 
ordinary stable atoms are constituted in a similnr vray* It is a 
matter of remark that no indication has been obtained that the 
lightest nudens, via, that of hydrogen, is liberated in these trans- 
fornmtions, where the processes occurring are of so fnindamental a 
character» At the same time, it is evident that the hydrogen nucleus 
must be a unit in the structure of some atoms, and this haa been 
confirmed by direct experiment. Mr^ Chadwick and I have ob¬ 
server! that swift hydrogen nuclei are released from the elanicnts 
boron, nitrogen, lloiirine, nodium, alimuniuni, and phosphorus when 
they are bombarded by swift m particles, and there is little room 
for doubt that tJiese hydrogen nuclei form an essentia! part of the 
rLucIear structure. The speed of ejection of these nuclei depends 
on the velocity of the a particle imd on the dement bombarded- 
It is of interest to note that the hydrogen nuclei arc liberated in all 
directions, but the sj^eed in the backward direction is always some¬ 
what less than in tlio direction of the a particle- Sudi a result 
receives a simple explanation if wo suppose that the hydrogen nuclei 
aro not built into the main nudeus but exist as satelUtcs probably 
in motion round a central corew There can be no doubt that bom¬ 
ba rdniejit by « particles bos effected a veritable disintegration of the 
nuclei of this group of elements. It is signiBeant tbut tlie liberation 
of hydrogen nuclei only occurs in elements of odd atomic number^ 
via, 5, 7t 0, 11, 1S| 15, the dements of even number appearing quite 
unaffected. For a collision of an m particle to be effective, it must 
either paa$ dose to the nucleus or actually penetrate its structure. 
The chance of this ia excessively small on account of the minute 
siae of the nucleus^ For example, altliough each individual a par- 
tide will pass Uirough tJie outer structure of more than 100,000 
atoms of aJumUdum in its path, It is only about one n particle in a 
million that gets close enough to the nucleus to effect the liberation 
of it^ hydrogen satellite^ 

This artificial disintegration of dements by a particles takes place 
only on a minute scale, and its observation bos only been possible by 
the counting of individual swift hydrogen nuclei by the scintilla¬ 
tions they produce in zinc sulphide. 

These experiments suggest that tlic hydrogen nucleus or proton 
must be one of the fundamental units which build up a nucleus, and 
it seems highly probable that tlie hdium nucleus is a secondary 
building unit composed of the very dose union of four protons and 
two electrons. The view that the nuclei of ail atoms are ultimaidy 
built up of protons of mass nearly one and of electrons has been 
strongly supported and extended by the study of It was 
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early observed that some oi the ni^lioactive elements whith showed 
distinct radioatlive properties were cliomically so alike tli^t it was 
impo^kble to elTect their separation when uii^ieU together. Similar 
elements of tliLs kind were called ^'isfjtope^" by &>ddy, since they 
apijeared tg occupy the same plat:e in the periodic table. For 
examplej a number of nidiuactive elements in the uranium and 
thorium series have been found to have physical and chemical prop- 
cities identical with Lhcjse of ordinaiy lead, but yet to have atomic 
%veights ditfering from cH'dinary lead^ and also difitinciivc radio¬ 
active projwrties. The nuclear theory of the atom offera at once a 
simple interpretation of the relation between isotopic eicinent3+ 
Sinco the chemical properties of an element ai^ contmlled by its 
nuclear ebargo and little inllucnced by its mass^ isotopes must cor- 
responil tu atoms wilh the same nuclear charge but of different 
unclear mass. Such a view also offers a simple explanation why 
the radioactive isotopes show different radioactive propeilics, for it 
ia to l>e atitidpated that the sta^bilky of a nucleus will be much 
influenced by its mass and EErrangement^ 

(3nr knowledge of isotopes has been widely exleiuled in the last 
few years by Aston, who has devised an accurate direct met hod for 
slmwing the presence of isotopes in the ordinary eiemeota. He has 
found tliat some of the elemenls arc *^pure” — i. eu, consist of atoms 
of identical iua$^~while others contain a mixture of two or more 
ie^topes. In the ease of the isotopic olements, tho atomic mass, a^ 
ordinarily measured by the chemist, is a mean I'alue depending on 
the atomic masses of the individual botopes and their relative abun¬ 
dance. These investigations have not only shown clearly that the 
number of distinct species of atoms is much greater than was sup- 
{Kised but have brought out a relation bctwdm tho elements of great 
interest and importance. Tlie atomic mu??ses of the isotoi>esof most 
of the elements examineil have lM?eji found, to an uccunicy of about 
one in a thousandj to lie whole numliers in terms of oxygen, 16, 'fliis 
indicate.^ that the nuclei are ultimately built up of protons of masn 
very nearly one and of electrons^. It b tmtiiral to suppose that this 
IniihJing unit is the hydrogen nqcleusi but that its average mass in 
rlic c<>mplex nucteus is somewhat than Its mass in the free state 
fliving to the close packing of the charged units in the nuclear struc¬ 
ture. We liave already seen that tlie helium nuckue of mass 4 is 
prohahly a seecmdai-y unit of great importance in the bujlding up of 
many atom% and it iiieev lie tiiat other simple combinationx of pro¬ 
tons and electrons of mass 2 and occur in the nncletis, but thexc 
have not Iwn ol)se-rve<l in the free stale. 

While tlie masses of tlie majority of the isotopes ai^ nearly whole 
numi^ers. certain eases have been observed by Aston where this mle 
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Is gliglitly depiirtisd frooL Such vuiiaalions m [iiiiss nmy iilthuuUly 
prove of frreat ijnportance in tiimwlng; light on thtt nrniiigenivnt and 
eIo^ne£$ of pneking of tlie protons and electrons, and for this reason 
it is to be hoped that it may soon prove possible to compare atomic 
masses of the elements with much greater piwiaon even than ut 
present. 

While we may !>e confident that the proton and the electron arc the 
ultimate units which take part in the building up of all nuclei^ and 
enn deduce with some certainty the niunber of protons and electrons 
in the nuclei of all atoms, we have little, if any^ inforinaliun on the 
distribution of these units in the atom or on tlie nature of the foix'fis 
that hold them in cquilihrmni. ^\"liile it la known that the law of 
the inverse square holds for the eleetricitl force? some dii^tance from 
the nueJeii?, it seems certuin Unit this law breaks down inside the 
nucleiis. A detailed study of the collLsiom lietwecn a particles and 
hydrogen aloms^ where the nuclei appionch very close to each other, 
shows that the forces between nuclei increase ultimately much more 
inpiclly than is to lie ex|tected from the law of the invei^ sejnare. 
and it may be that new and iinexfjectetl forces may come into impor- 
tuiice at the very small distances separating the ]>rotons and elec¬ 
trons in the nucleus. Until we gain niore information on the nature 
and law of variation of the forces inside the nude us, furthor pt^g- 
resa on ihe detailed structure of the nucleus may be dilGciilt. At 
die same time* there are still a numlier of Impeful directions in which 
an attack may bo uiade on this mi>st diSicuU of probiems. A detailed 
study of the ^ ray? from radioactive bodies may be expectetl to 
yield information tis to the motion of the electrons inside the uiideus, 
nnd it may as Elii? has suggeatedj that quimtum lawa are opera¬ 
tive ioBide os well as outside tiie nucleus. From a study of the rela¬ 
tive proportions of the elements in the earth’s crusty Harkins has 
shown that elements of even atomic number are much more abundant 
thou elements of odd number, suggesting n marked difference of 
stall]lity in these two classes of dements. It azems probable that 
any proc^ of stellar evolution must be intimately connected with 
the building up of complex nuclei from simpler ones, and its study- 
may thus be expected to throw much light on the evolution of life 
elements. 


The nucleus of a heavy atom i? untloubtedly a very coniplicatcil 
system and in a sense a world of its own. Utile, If at all,^ influenceil by 
die onlmary pliy&icat and olieuiical agencies at our commandp When 
tte cozurkler the mass of a nucleus compared witii its volume it seems 
certain that its density is many billions of times that of our heaviest 
element, let, if we emild form a niagniUed picture of tlie mielcus^ 
we should expect that it would show n diRcontinuoiis stiTJcturet occu- 
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wSl taown th.l it is posilhle by moans of elcelrun Iminhardment or 
bv appropriate radiation to eweite an atom la aueh a way that ono 
of ite sniirSrial doclroM ia displaced from Its ordinary stable posi¬ 
tion to another temporarily stable position fnrther removed from 
thr nucleus. This electron in course of timo foils back into its old 
position and its potential energy is converted into radiation in the 
*^ess ' There is some reason for believing that the electron has a 
d finite average life in the diaplaced position, and that the chance 
of its return to its original position la governed by the laws of prnba- 
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bility. In siJina respects an “escitecl” atom of this kind is thus 
iinalogmis to a rndioacti^-e atom, but of course the energy* releaseJ 
in the disiutegTiLtion of a nucleus is of an entirely different order of 
magnitude from the energy rdease<i by return of the electron in the 
o.^cited atom. It may be that the elements^ iiTanium and thorium^ 
I'epresent the sole survivals in the earth to-day of ty|>es of elements 
that common in the long-distant ages, when the atoms no’w^ com- 
fHjsing the. earth were in eotirse of foiTiiatiuii. A fraction of the 
atoms of uranium and thorium formed at that time has survived 
over the long interval on account of their very slow rate of trana- 
format ion. It is thus possible to regard tiiese atoms as luiving not 
yet eoini>leted the cycle of changes which the oixlInary atoms have 
long since passed thtoughj nnd that the atoms are still in the 
died state wheie the nuckar units have not yet arranged them¬ 
selves in positions of ultimate equilibrium^ but still have a surplus 
of euergy which can only lie released in the form of the character¬ 
istic recitation from active matter. On auch a view^ the presence of 
a store of energy ready for release is not a property of nil atoms, but 
only of a special class of atoms like the radioactive atoms which hava 
nnt yet reached the final state for equilibrimrL 

It may be urged that the artificial disintegration of eortain ele¬ 
ments by bombardment \s‘ith swift a patiides gives definite cTidcnce 
of a store of energy in some of llie ordinary elements^ for it is known 
that a few of the hydrogen nuclei^ released from aluminium, for 
example^ arc esepeUed with such swiftness that the particle has a 
greater individual energy tlian the a particle which causes their 
Ijfieration. Unfortunately, it is very difficult to give a definite 
answer on this point until we know more of the details of this dis¬ 
integration. 

On the other hand, another methiKl of attack on this question has 
become imiwrtant during the last few years, based on the compari- 
Kin of the relative masses of the elements. This new' point of view- 
f?An best bo illustrated by a comparison of the atomic mosses of 
hydrogen and helium. As we have seen, it SGomK very probable that 
helium is not an ultimate unit in the structure of nuclei but h a 
^ery close combination of four Siydrogcn nuclei and two electrorui- 
The mass of the helium nudeus, 4.00 in terms of 0=16, is con¬ 
siderably less than the mass 4.0S of four hydrogen nudei. On mod¬ 
em views there is believed to be a very doiBo connection between 
mass and energy, nnd this loss in mas? in the synthesig of the helium 
nudeus from hydrogen nuclei iudicates that a large amount of 
energy in the form of radiation has been relea.^ In tlie building 
of the helium nudeus from its components. It b easy to calcu¬ 
late from this loss of mass that the energy set free in fonuinu^ 1 
13 
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gr^ni <)£ hdiuto b lurge even compared with that liberated in the 
total dbinUgration of I gram of tadiuni. For example^ cakutation 
show^ that the imorgy released in the formation of I pound of 
helium gas is oquiTalont to tho energy emitted in the complete coui- 
biistion of about 8,000 tons of pure carbon. It has been suggested hr 
Eddington and Perrin that it is mainly to this source of energy 
that we must look to maintain the heat emission of the sun und 
hot stars over long periods of time. Calcuiations of the loss of 
heat from the sun ^how that this synthesis of hell tun need only 
take place slowly in order to maintain the present rate of radiation 
for periods of the order of 1,000 million years. It must be 
acknowledged that tliese arguments are somewhat speculative in 
character, for no certain cNpcriinental evidence has yet been ob¬ 
tained that helium can be farmed from hj^drogen. 

The evidence of the slow^ rate of stellar evolution^ however^ cer¬ 
tainly indicates that the synthesis of helium and perhaps other ele¬ 
ments of higher atomic weight may take place slowly in the in¬ 
terior of hot stars. While in the electric discharge through hydrogen 
at low pressure we can easily reproduce the conditions of the in¬ 
terior of the hottest star, as far os regards the energy of motion 
of the electrons and hydrogen nuclei, we can not hope to reproduce 
that enormous density of radiation which must exist in tlio mteriar 
of a giant star. For this and other reasons it may be very difficult 
or even impossible, to produce helium from hydrogen under labora¬ 
tory conditions^ 

If this view of the great heat emission in the fonmtiotl of helium 
be correct, it is dear that the helium nucleua is the mo$t stable of 
all nticlei, for an amount of encr|:i^+ corresponding to three or four 
a particles would bn required to disrupt it into its components. In 
addition, since the mass of the proton in nuclei is nearly 1.000 in¬ 
stead of its mass 11)072 in the free fatate, it follows that much more 
energy^ must be put into the atom than will be liberated by its dis¬ 
integration into its ultimate uniUa. At tlie same time, if we oousder 
an atom of osygen. which may be s^ippofied to be built up of four 
helium nuclei as secondary unit^, the change of mass, if any, in its 
synthesis from already formed helium nuclei is so small that we 
can not yet be certain w hether there will be a gain or loss of energy- 
by its disdntegratloit into helium nuclei^ but in any case we are c^r- 
Um that the magnitude of the energy will be imidi less than for 
the flymthesi^ of helium from hydrogen. Our information on this 
subject of energy' changos in the formation or disintegration of 
Atoms in general Ls h.s yet fexj uncertain and s|>eculative to give any 
decided opinion on future po^ibiiities in this direction, hut I have 
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endeuiriireU to outline $&me of the mujn arguments which etmuld be 
ttLkeu into account. 

1 must now bring to an end my aurvey^—am afraid nil too brief 
and inadequate—of this great pcricwi of advance in physical science. 
In the short time at my dispfi^l it has been imposaible for raC; even 
if I had the knowledge^ to refer to the great advances made during 
the pcrioii under consideration in all branch^ of pure and ap[>lied 
science. I am well aware that in some departments the progrt^ 
made may juatly compare w^ith tJiat of my own gubjeeL In these 
great additions to oivr knowledge of the structure of mutter every 
civilized nation lias taken an active part, but we may be justly proud 
that this country has mude many fimtlameiital contributions. With 
thm country I must properly include our dominions overiseaSj for 
they have not been behindhand in their contributions to this new 
knowledge. It is, 1 am sure, a mailer of pride Ui tills country that 
the scientific men of our domiiiiomi have been responsible for some 
of the most fundamental discoveries of this opochT particularly in 
radioactivity, 

Thi$ tide of advance was continuous from but there was an 
inevitable slackening during the war. It is a matter of good omen 
tliat in the last few years the old rate of prugi^ess has not only been 
maintained but even intcrtHified^ and there appears to be no obvious 
sign that this period of great advances has come to an end. There 
has never been a time wdien the enthusiasm of the scientific workers 
was greater^ or when there was a more hopeful feeling that great 
advances were imminent. This feeliug is no doubt in part due to 
the great improvement during this epex'^h of the technical methods 
of attack^ for problems that at one time seemed unattaclvable are 
now seen to bo likely to fall before the new methods. In the main 
tile epoch under oonsideration has l>rtm an age of experiment^ where 
the experimenter has been tlic pioneer in the attack on new prob¬ 
lems. At the aume time It has been also an age of bohl Ideas in 
theory^ as the quantum theory and the thec^ry of relativity so well 
illustrate. 

1 feel it is a great privilege to have witnessed this period^ which 
may almost be temied the renaif^nce of physics. It has been of 
eslranrdinary intellectual intere^st to watch the gradual unfolding of 
new ideas and the ever-changing methoda of attack on didicult prob¬ 
lems. It has been of great interest comparative sim¬ 

plicity of the ideas that have ultimately emerged. For example^ no 
one could have anticipated that the g^nenil relation between the ele¬ 
ments would prove to be of so simple a character as we n<iw believe 
it to be- It is an illustration of the fact that nature ap]>cars to work 
in a simple wa>\ and that the more fundamental the problem often 
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lire the conceptions needed for its explanation. Tlie rapid¬ 
ity and certitude of tJie advance in this epoch have largely depended 
im the fact that it haa been possible to devise experiments so that few 
variables were involved. For example ^ tho study of the structure of 
the atom lias been much facilitated by the po^ibility of exaTnining 
the effects due to a ^single atom of matter, or^ as in radioactivity or 
X rays* of studying processes going on in the individual atom w hich 
were quite uninfluenced by external conditions. 

Ill w atching the rapidity of this tide of advance in physios 1 have 
become more and more improised by the power of the scientific 
method of extending our knowledge of nature. Experiments directed 
by the disciplined imagination either of an individnaL or still better, 
of a group of individuals of varied mental outlook, is able to achieve 
insults which far tramM^end the imagination alone of the greatest 
tmtiiral philosopher. Experiment without Lmagination, or imagina¬ 
tion witliont recoilrsc to experimenti can accomplish little, but, for 
t fTcctive progressj a happy blend of thc.^ two powers is necessniy . 
The unknOTvn appears as a dense mist l>efore the eyes of men. In 
tjcnetrating this obscurity we can not invoke the aid of aupermen, 
but must depend on the combined efforts of a number of adequately 
1 mined ordinary men of scientific imagination. Each in his owm 
s|yeciol field of inquiry is enabled by the scientific method to pene¬ 
trate a short distance, and his work reacts upon and influences the 
wiirile body of other workers- Frtuu time to time theie arises an 
illuminatmg conception, based on accumulated knowledge, which 
lights up a large region and shows the connection between these in¬ 
dividual cfTorta, so that a general advance follow^s. The attaek 
begins anew on a wider front* and often witJi improved technical 
weapons. Tlie conception which led to tliia advance often appears 
simple and obvious when once it has been put forward. This is a 
common experience, and the scientific men often feels a sense of dis¬ 
appointment that he himself bad not fortLseen a development which 
ultimately seems so dear and inevitable. 

The intellectual inteixst due to the rapid grow^th of science to-day 
can not fail to act as a stimulus to young men to join m scientific 
investigation. In every hraiirh of science 11101*0 are uumerous ptob- 
kills of fundamental interest and importance which await solution. 
We may confidently preilict an Bccdcratad rote of progress of scien¬ 
tific discovery, benefictal to mankind certainly in a mote rial but pos¬ 
sibly wen more so in an intellectual sense. In order to obtain the 
liest results certain conditions must, however* be fulfilled. I| is 
neces?aiy that our universities and other Kpeeifie institutions sliould 
be litieriiUy supported, so as not only to be in a position to train ade¬ 
quately young in vestigators of prom be, but also to serve themselv^ 
ns active centers of research- At the same time there nuurt be a 
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reasonable competence for those wlm have shown a capacity for 
nriginni investigation. Not least, peace throughout the eiviUzed 
world IB m important for mpid sciecitific development as for general 
commercial prosperity* Indeed, asience m truly internationai and 
for progress in many directions the cooperation of nations ii? as 
essentia! as the coopermtion of individuals. Science, no less than 
industry* desires a stahiUty not yet achieved in world conditions. 

There is an error far too prevalent to-day that science progresses 
by the demolitioii of former wdheBtabli&hed theories^ Such is very 
rarely the case. For example, it i& often stated that Einstein's gen¬ 
eral theory of relativity has overthrown the work of Xewton «n 
gravitation. No statement could l>e fartlier from the truth. Their 
works, in fact, arc hardly comparable, for they deal witli different 
fields of thought. So far as the work of Einstein is relevant to that 
of Newton, it is simply a generatixation and broadening of its hasb: 
in fact, a typical case of mathematical and physical development. 
In general, a great principle b not discarded but so modified that it 
remits on a broader and more atable basis. 

It is clear that the splendid period of scientific activity which we 
have reviewed to-night owes much of its success and intellectual ap¬ 
peal to the labors of those great men in the past, who wisely laid the 
^re fonndations on which the scientific worker builds to-day^ or to 
i|iiofce from the words inscribed in tlie dome of tlm National Gallery, 
^The works of those who have stood the test of ages have a claim to 
that respect and veneration to which no modern can pretend.^ 
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Tire PHYSICIST’S PRESENT CONCEPTION OF AN ATOM ‘ 


It. A. MtLUKA.'C 

A^onnsn Bridge Laboratory of Pkyeira 


All sciojitists agree upon an atom which has a veiy iiiLmite posi¬ 
tively cliarged nucleus surrounded in its outer regions by n num^r 
of negative electrons just suIBcient to neutralizo tlie free positive 
charge upon the nucleus. 

Wc all agree tlmt tlie number of the* positive charges upon the 
nucleus varies from in tlie case of hydrogen, by unit steps up 
to 92 in the case of uranium, and lienee tint the number of negatives 
held in the outer regions nlso varies from 1 to 93. 

Wc all agree tliat the chemical properties of nil atoms, and most of 
tlie physical properties, too, mass being the chief exception, lare de- 
teruiin^ simply by tlie number of these clcctronsj primarily by the 
numlier of them which nre found in tlie outermost shell and which 
we call the valence electrons. 

Wc all agree, too, that the nucleus is extraordinarily minute, so 
that if all tlie dimenaiona of an atom were magnified ten billion 
times—magnification which would make a bird shot swell to the 
sissc of the earth and would make the diameter of the atom aliout a 
meter—^ihe nucleus, on this huge scale of luttgnification, would not 
be more than a tenth of a millimeter in diameter—that is, not larger 
than a mere pin point. 

We all agree, too, tiiat in the case of uranium there ai’C packed into 
that infinitesimal nucleus 238 positive and 14C negative electrons, the 
exact number of positives being determined simply by the atomic 
weight, while the tuimher of negatives which bind the positives is the 
atomic weight minus the atomic ntmdicr. This obviously rnCUns that 
both positive and negative electrons are so iniinitesimally small thot 
for practical purposes we may ignore their dimensions altogether and 
think of tiiein as mere point charges. 

Wc all agree that so far as physical science has now gone there 
have appeared but these two fundamental entities, nnmel}’, positive 
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and ne^tivo electrons* wliitli seem to he the ljtiil<Ijn 4 f stones of the 
universe; that these two entities are electrical charges of csactly the 
same magnitude, hut of opposite sign, and that the mass or inertia 
associated with the former is U845 times that associated with the 
latter, so tliot practically the whole mass of the atom is concentrate*! 
in llie positive electrons witltin its nucleus, 

IVe all agree that when Rny of the electrons in tlie outer I'cgions 
of the atom are stimulated to radiate, tltey do so by virtue of falling 
from a level of higher potential energy- to one of lower, L e.. from a 
level more remote from the nucleus to one nearer to it. 

And w’c all agree that the frequency of the emitted radititiona is 
prcipcirtional to the energy loss in the process of changing from the 
one level to the other. Indeed, one of the most stimulating advances 
which physicists have made in the past five years consists in the com¬ 
plete demonstration of this Planck-Eiiistcin-Dolir law of ludintion. 
Very recent experiments go even so far as to indicate that this law 
holds not only for the radiations emitted by the changes in energ>' 
levels of the electrons outside tlie nucleus, hut also for the radiations 
which originate in the nucleus itself — the so-called gamma rays which 
nccom]>any changes within the nuclei of i-adioactive atoms. 

Tliese results upon which we all agree arc proof enough of the 
amazing advances which have taken phice, mostl)* within the post 
ten years, in our ability to peer inside the atom and to see what kind 
of entities eslfit there and what they are doing when they are in the 
act of radhiting. 

The only place where we have differences of opinion, or better, in 
which there are uncertainties, is in the matter of how the electrons 
spend tlieir leisure time—the portions of their lives in which they 
are not radiating. 

Tlia chemist has in general been content with what I will call the 
“ loafer*’ electron theory. He has imagined these electrons sitting 
around on diy goods Ijoxes at every comer ready to shake Imnds with, 
or hold on to. similar electrons'in other atoms. Tlie physicist, on the 
other hand, baa preferred to think of them as leading more active 
lives, playing rlng-around-the-rosy, crack-the*whip, and other in¬ 
teresting games. In other words, he has pictured them as rotating 
with cnommus speeds in orbits, and as oocastonally flying out of 
these orbits for one reason or another. 
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Now the arguments for the loafer electron ” theory, as I have 
called H, are two io Qomljer. The first is that fiueh activity aa tlie 
physicist postulates would soon wear away the energy possessed 
by ttie electrana—tliftt Ls, they would tire themselves out and quit 
their play. 

There La no answer to this argument. They would indeed tire 
ihemaelvea out^ provided the classical electromagnetic laws are nni- 
versa lly appheablij—eveii In the he'aiia of atoms. And the physicist^s 
only answer to this argninent is, "God did not make electrons that 
^vay. lYliy assume that the elcctroniagnetic law^s are universally 
valid when this is the fir«t chance we have li^ad, to test them out in 
the region of the infinitely small f 

The second argument w'hich has been advanced for the " loafer 
electron theory is the e^cistenco of locali3M!<l valences in chemistry. 
Now, that tb-eso localiised valences exist is admittod on all hands; but 
it is simply due to k nusunderstanding that this argument wna ever 
used against the orbit theory. For no physicist—and I wish to empha- 
si-jx! this fact—has ever advanced the theory that the electrons all ro¬ 
tate in coplanar orbits. Localized valences probably are juist aa com¬ 
patible with the orbit theory when the orbits are properly distributed 
in apace as with the stationary electron ennoeptinm Ail this I pointed 
out in 101(5/ tty'ing thereby to clear tlie misconception which existed 
in the minds of diemists as to the way in which physicists w^cre 
thinking. 

Jjei me pass now» to the arguments in favor of tlie orbit theory. 
They are rII of tlunn definite quantitative arguments in which purely 
tlit«i>?tica] ccinsidcrations le^d to ejeact nnnioricul predictions w^blcli 
can Ik? subjwted to the test of esperiuient. 

The first was the exact preiliction with the aid of &rbit tquaiiom 
of the so<alIed Rydberg spectroscopic conalaot whicli is iu agree¬ 
ment, with an accuracy of one piii-t in five huodmlt with th® directly 
measured v^diie. 

The second quantitative argument comes fram the pi-ediction of a 
dilTerenct; Ijetiveen tlie positions in two a[>cctrid fmea, one due to 
hcliuuii the other to hydrogen, which two lines alioulcl tlieoretically 
Ikj one anil the sauie line, if it were not for the fact that the helium 
nucleus h four times as massive as the hydrogen nueJeus. 

lo make cleur Uic diiTerence which this causes let me aak you to 
leflect that when an electron revolvers 'around the nucleus of an atom 
of hydrogen, the real thing that happens is that the two iK)dies re¬ 
volve nl>out their cuinmim center of gra^ itj, but, since the nuideiis 
is 2,0(10 times heavier than the electron, Hiis center is exceedingly 
c1f>cr to the hydrogen nucleus. If now the hydrogen nucleus is re- 

llHr, laiti prHcnt4!il Ivror* Ib^ Atrm^vu Dm. 1, laif. 
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pluc^d by the auckiis of the haliura atom, which is four times as 
heavy itg that of h 3 'drogcji^ the comiiion center of gravitv is still 
closer to tJie auckijs so tlmt the heliuju nuclciia describes a much 
MtuaJler circle tfiuii does Uie hydrogen nueiaus. This situation ir re¬ 
sponsible for a certain slight but accurately predictable difference in 
the energies of the two orbits which sliould cause tlie lines produced 
by electron jumps to these two dilTereni orbits to be slightly displaced 
from one another. Tins dkphtcenient La actually found between the 
corresponding hydrogen and Uelium lines, and the rtitio of the iiitiss 
of tlie electron to the mirn of the hydrogen atom computed from this 
displacement agrees \i ith other determinations of this i-atio to within 
a smnl! fraction of a per cent. 

The third amazing qiiantitiicive siicoass of the orbit theory came 
when Sommerfeld showed Umt the Bohr orbit theory ought Xu 
depiand two different hydrogen orbits corresponding to the second 
quantum siatCf one a cirtdo and one nti ellipse. And by applying 
tha rclati^dty thoorj' to the change in mass of the dectran with its 
cliangc in ppeed, as it moves tlirough the different |Kjn[on» of its 
orbit, he showed that these two orbits should have slightly different 
energies, and consoquantly that both the hydrogen and the helium 
lines should bo doublets. 

Now not only is tJiis found to be the fact^ but tho measured 
separation of these two doublet lines agrees precisely with the 
predictoi value, a> that this again mnstUutes an extraordinary 
bit of quantitative evidence for the validity of the orbit condeptions 
imderlybig the computation. 

The fourth quantitative argument was introduced by Epstein 
when he applied hjs extraordinary grasp of orbit theory to the exceed¬ 
ingly dirticult problem of computing the perturbations in electron 
orbits ami hence the change in energy of each due to exciting 
hydrogen and helium atoms to radiate in an electrostatic field, 
lie thus predicted tLm whole complex character of what we call the 
Stark effect, showing Just how' many new lines were to be expected 
and where each one should fall, and then the spectroscope yielded, 
in practically every detail, pr&^isely the result which the Epstein 
theory had foretold. 

The fifth quantitative success of t!ie orbit theory is one which 
Mr. I. S. Bowen and m^yself at the Califomia Institule have just 
biought to Light. Through creating what we call “hot sparks” in 
extreme vacuum, we have succeeded in stripping in succession one. 
two, three, four, five, dx, and seven of the valence- or outer, electrons 
from the atoms studierL Tn going fi’Om lithium thrDugh bcrylliuiu, 
boron and carbon to nitrogen, we have thus been able to play with 
stripped atoms of all these substantXK. Now the stripped atoms 
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ooDStituto i»ti*uct%irea which are all eJEactly alike, aave that the fields 
in which Uie single electron which is left is describing its orbit 
increase in the ratios one, two, three, four, five, as we go from 
stripped lithium to stripped nitrogen. Jfow we have applied the 
relativity doublet formula which, as indicated above, Sommerfdd 
liad developed for the simple nucleus-electron system found in 
hydrogen and ionisicd helium, and’ liave found that it not only 
predicts everywhere the observed doublet separation of the spectra 
produced by all these stripped atoms, hut that it enables iis to coni' 
pnte the effect which the two electrons close to the nucleus of oU 
these atoms have in sci^niitg the outer rotating electron fitini 
this nucleus. 

At a sufficient distance from the nucleus tliesi two electrons ought 
to neutral ire exactly two of the free poative charges on the nucleus, 
provided, and only provided, the forces emanating from these eloc- 
trons fall off with the inverse sjuaro of the distance. Our relativity 
doublet formula, with this assumption and without the introductiou 
of any arbitrary constants whatsoever, enabled us to predict what 
the screening effect due to those two electrons ought to be. And now 
our experiments on doublet separations reveal that that screening is 
within one per cent of two, w'hich checks w*ith what we know before¬ 
hand, from radioactive and chemical data, that it ought to be. In 
other words, we bare another method which enables us witli certainty 
to look inside the atom and find how many electrons are in the inmost 
abcll, and the ansa'Cr comes out two. 

Again, when we examine the spectruru due to tlie stripped atoms 
of the group of atoms from sodium to chlorine—one electron having 
been Imocked off from sodium, two from magne^sium, three from 
aluminium, four from silicon, five from phosphorus, six frotu 
sulphur, and seven from cUlorinio—^we should find in evei^ case that 
the number of screening electrons in the two inmost shells, when 
tested for sufficiently remote orbits, comes out two plus eight, i. e., 
ten. And it does come out in everj* case very nearly as predicted. 
This constitutes excellent evidence that the electrons at these dis¬ 
tances and under these conditions do possess Coulomb fields (fields 
falling off with the inverse stpiare of the distance), a result appar¬ 
ently incompatible with the loafer-electron theory. The physicist 
has thus piled Ossa on I’elion in his quantitative proof of the exiisl- 
ence of these electron orbits. 

These new results are, however, incompatible with the prociso 
sliapcs of (frbito with which the physicists have been working 
in the field of optics during the last five years. They nocesailato 
either the abandonment of the relativity caiustt for the separation 
of our measured spectroscopic doublets or else they require us to 
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cease to plaj with a mickiis about which lUe el^‘tron orbiU 
largely symmetrioal. In other words, if retain the relativity 
explanation of the s^HWtroscppic-douhlet formuta, we are obliged 
to suppose that two orbits which ha%Tj tho same shape but diifere4it 
orientations with respect to the midcus may exhibit widely different 
greening constants—which is only another way of saying that 
these orbits may possess widely different energies 
To tills extent, then, I am able to help oat the chemist in his 
attack upon the electronic orbits of the physicists, I am able to 
enable him to say with a good deal of certainty that these orbits 
can not be of precisely the typo which we physicists have been 
playing with so assiduously for the pest five years. If we retain 
the explanation which has heretofore been given to the relitivity 
doublet formula^ an explanation which requires entirely diSerant 
shapes for the two orbits corresponding to these doublets, them 
we must begin to work witli an atom which is very much leas syin- 
mctrical with respect to the differently oriented orbits than we have 
hitherto been imagining. 


'IHE VACUUM—THERE'S SOMETHING IN IT' 


By T)r, W* 31, Wuni^^ 

Ofreefor, Rtttarch Lfi^^croiorif^ Ocnrr^t Co. 


I Witt C 

We Uiimam want better mindi?, broatier horisi<in^ij and greater 
iinderetanUing. Scientiat^ everywhere are at work in their ttspee- 
live fields searching for new trutJis to improve the process by whiclj 
our minds, our horizons, our powers, imd unr oullciokM grow. 

^VJjcn in tlie middle ages the great cathedrals of tho world we it: 
being built the mentality of men seems to have been directed to sys¬ 
tematic subordination of creation rather than to acti ve appreciation 
of it; to acquiring salvation, or '‘‘safely first,” ratlier than knowledge 
or understanding, To-day scientists, in seeking truth, think of 
** safety first ” last, 

Wc are told that if tlie total age of muikind be expressed as the 
life of a man of SO yesra and, if he then looks back upon hU progress, 
be will see that what marks his greatest advancement are events 
occurring in the most recent years. For eianiple, such a 50-year man 
now sees that he tiad not learned to scratch tlio Miinplest records on 
etx>RQ until his forty-nintli year. All tho immense ad^'antages of 
printing hare existed only three months for him. He has only just 
learned how to pass along what lie hos learned. The uses of steam, 
which now seem so neccssaiy*, were acquired only three or four days 
ago. The uses of electricity (street care, lamps, and tclophones), 
ivhich did not actually begin until about 1330, arrived the day before 
yesterday to this 50-ycar man, ITie automobile, radio, X rays, ra- 
dinm. and most of the things which occupy our interests to-day were 
actually discovered on this particular fiftieth birthday. 

The jMiwcr outside of his own muscles, which during the past two 
or three months ho has learned to control, has grown to nearly 20 
horse[HJwep. or 200 man (Kiw'ep, for every man in the e^nmtry. There¬ 
fore it makes only one-half a per cent different whether all the men 
work like horses or not. But g^iidanre of power is man work, be- 
caure there are no machine mentalities. Almost everything but 

* hf 1‘rtcu Hvotr^l J-Hertrlc Vol. XXVfl, So. 7* 
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liiirikin^ iijay lue urtirieially done, but knowlcdgf? niicl under^ftnndinj^ 
niuiit be tietively soti^fht and ustnl* Mnu is the only animal that rati 
do Ihia. 

Scientists knovi' I hat re-scarch merely discloses new parts of the 
indziite unknown, Pacadoxically^ the entidny^^ helpful “unknown " 
mereases as men i^ntinue to subtract fix>m it. Pro^ifress in every line 
ijf exmental scsenee follows the same law. The apparently nar- 
ntv* path gradually expands into imUiuitecL unexplored territory. 
With his new tools and his ineiTaJU'd sfieed of conimunicatton man 
finds that he can mivpjice into the unknmvn faster than his anrc^siors 
(■ould, and children seem to leain more rapidly than he did when he 
was youn^. The scientists of the twenticili century are legion. But 
sbCieutlsts w'orc anathema a short time ago. Tiie-re is to-day more 
chemistry in the atom than there was in all “ inorganic” chemistry 
a few years ago. lliere is more in the “ sugars ” now than there was 
in all “ organic when the writer sttidied it^ Tliore is more im¬ 
munity in hlocxl and more heredity in the niici*oseopLc chromosome 
than there was in all biology until recently. There is more crystal 
f^tructure rcsearrh by X rays now than rciwarch in all mineralogy 
wlien Agasai/. came to America. 

In the preparation of an article the purpose of which is to direct 
attention to the intererf ronnectiMl with research work in general 
tlierc is si^ecial reason for scieclitig as* the subject ^mch a narrow field 
as the vacuum. The wTiter wi^ihes to ishow that in a vacunm, of 
which one might say “There b nothing in it” (and surely less than 
in anything else), there is, indcocL an endless amount of intere.st and 
utility* Tlie American public now buys over a million dollars' worth 
of glass vacua a Aveek, but that is the least interesting part of tlie 
^fubject. 

EveTyl>ody pretends to know that “Kature abhors a vartnim.” 
Blit hr who started that tale merely meant that a good vacuum was 
hard to produoc. As prol>ah1y no one has ever made a vacuum with 
less gas moleculeft in a rtibic inch than there ai’e jicople In the world, 
we cam rmsiintain that perfection in vacua is still precluded hy nature. 

Some studies in vacua will new be reviewed for the purpose of 
showing that anyone may well do research work not only there but 
also certainly anywhere else ivith pleasure and profit. 

We all know that we see at night largely by the aid of vacuum 
lamps. Thmiigh other vacmiiii lamps, called X-ray tubes, we also 
see tlmnigh opaque bodies. Tlie light which illumines our miem- 
scope specimen has its analogue in the X-ray lightt which shows ns 
the crystal structure of rnatter and the etecLrical formulaa of chem¬ 
ical atoms. Our transcontinental wireii telephony i^ possible through 
vacuum tuliea which, in various forms* also permit our radio broad- 
car^ting anti radio remption friiUi the most remote stAtions* 
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workman keeps his drink hot or cold in n thermos bottle Ls 
clearly ifidebted to Sir Janies Dewar’s appliration of tbe vacuum^ 
but the soientist is still more indebted to it. All oar steam-power 
plants^ inclnding turbines^ owe their siieceas to vaeua^ 

The latest arrival in the family of the chemical elements (haf- 
zuiim) was discovered by tryitip it in vacuum a^a an X-ray target. 
Onr list of possible chemical elements waa rounded off by Moscley^s 
study of the X-ray sjicctra just in time to meet the wonderful di»^ 
cuveries of J. J. Thom^n and Astoria all made in i^ciia.. The latter 
showed that most of the eiements, supposedly simple^ are still mix¬ 
tures of two or more simitar elements (isotopes), while Professor 
Thomson’s ertperiments disclosed by the positive ray method a 
whole series of new atomic compounds. 

While the vacuum wm not essential to the work of Millikan m 
Isolating the electron* yet the earlier work by ThojMon and otbera 
and much of tlie recent work on this ultimate constituent of matter 
has been necessarily carried out in vaennm. To-day there seems 
to be no end to the studiea which can be based on the fact that an 
atom or molecule of material may be separated electrically into a 
positively charged ion (carrying most of the moss) and a negatively 
charged electron (carrying most of the current)* 

ELECTUlCTTr 

Without sacrificing historical truth too much, it may be aaseiiAd 
that electricity at rest was tho first kind known. It then scorns logi¬ 
cal that electricity in simple direct motions should latot appear and 
that still later we shotdd find various directions and cates of its 
motion, If it moves at alU It will interrupt this line of argument if 
we doubt the existence of electricity as a thing or question the exist¬ 
ence of such different kinds of it as static and dynamic. The elec¬ 
tricity of rubbed amber was the first and statioiiary kind (if it is 
admitte<l that prior to Thales such tliinga as lightning wore some¬ 
thing df«). When electricity first moved through metEls the process 
was looked ut>on as a simple directed flow which proceeded until the 
charged body had delivered its charge. 

Cl-KMXTS 

This direct flow of electricity (a current) was strengthened in its 
liold on our conception by the great number of different chemical 
current producers which followed the controversies between Gal- 
vani and Volta a ceutury and a quarter ago. Primary and secondary 
or storage batteries witliout number were soon discovered* Tlie cur¬ 
rent from such batteries was exactly like that which the magneto- 
electric tnaciiinos produced, when these were developed, after Fara¬ 
day hud show n the effect of moving a wins through a magnetic field. 
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The dilwt current of fdich g^^erating^ mnrliines ■was much later 
fill lowed by the alternatiKi flow, and soon jUternating-eurpent gen¬ 
erators were mtkde for different rat<^s of rei'er^l of direction. Si sty- 
cycle and twenty-five-cycle cuirenU are now common, and the user 
takes his choice. The* frcqnenciea were once necidents of conven¬ 
ience and e^ionomy. For soroe uses other widely different frequencies 
of uUemation are very desirable, as in radio^ where 1,000^000 cycles 
are Ddinrnon. 

Now the [dienomena wlilch hare been found in vacuum tubes prtini- 
ise to give complete control over all these details of kind and fre* 
qijency of current. 

ELECTEJCAL COXTHOL 

Afi will be more fully shown later, when a unidirectional current 
meets ™cuum tub^ as though it would pass through them, it must 
tind one particular kind of a tube^ and tlie current's direction must 
l>e rights because some tubes will let it through only when it is both 
unidircciloniil ami In the proper direction. These in thomwlves are 
rather remarkable things to espoct of a vartium, but oh usual the 
truth exceeds the expectation. 

CATALTaia 

To give some idea of the extent to which vacuum studies may 
affect ramoto fields, mention may be made of chemical catalysis, the 
secret of most reactions of life. For exaniplc^ it is known that 
mercury vapor in a vaciuim* when Illumined by light of a csertain 
wave lengthy will absorb Ibat light and turn Uie cneiify over to 
hyditigent if hydrogen be present, so that this, in turHj will chein- 
jcally retluce anch substancee as cold copper oxide. Here ia a new 
kind of obemical process. It is the kind we have nectlecl in order to 
begin to explain some of those life reactions which vegetation dis- 
cioees. That ifs wmilar facts wull probably be found to contain the 
explanation of the catalytic action of suniighl on growing plants. 

And fSb the atudies of phenomena in vrcuji may lead us into the 
most widely separated fields. Tho experiments descrit^ed in the lat¬ 
ter part of this article arc illustrations of this fact and are thus not 
rhoaen to be very closely related. 

K1X1>S or VACUA 

One might say, aa in our school-day essays, ^ There are dlffei-cnt 
kindfl of vacuum, too nunwroiis to mention,’^ and then proceed to 
mention them alU However, only a few cms will be selected for 
the purpose of illustration. A certain kind of vacuum is good 
enough for incandescent lamps, because other factors besides the 
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quality of itJa vacuum dcteroune the death or tliuil the performanct* 
of a lamp. But while formerly the incntid&soent lamp represetiU-d 
the very highest skill then reached to vacuuni production, Uieiei are 
now other commercial vacuo which are necessarily quite superior. 
This is true of good thermos Ijottles, X-ray tubes, and radio tubes. 

We sJiould first, therefore, give brief conrideration to the incan¬ 
descent lamp and note a few characteristics. Its low vucmuu early 
disclosed electric cross currents which would not have been found in 
muclt higher vacua, ritudy of these currents has led not only to the 
vacuum tubes used in radio, but also to such remote disdosures as 
that distillation or evaporation of solids in vacuum proceeds in 
straight lines. The electrical currents in poor vacua are best known 
in luminous tieissler tubes, Moore tubes, and Claude tubes, as seen 
on the streets of I'aris, for example. They are themselves a large 
subject, hut consideration will he given (later on) only to one his- 
toricallv important exiHsritoenl with them, the Hitlorf experiment. 

HIGH VAf't;.\ 

Electric currents through vacua, where gas ia so completely re¬ 
moved that it lias no appreciable action, nre most strictly a part of 
this article. After the work by which the individual and indiTi.sih]e 
negatii'e electrical charge or electron was defined, it 1 ^‘emed quite 
fitting, though unexpected, to lenm that these negati^ie charges were 
exuded by hot bodies. The result of this disctosiire formed the basis 
for most of the modem electrical phenomena in i*iicaa. The activi¬ 
ties of electrons are apparently the cause of most electrical and chem¬ 
ical processes- Their motion constitutts electric currents, and the 
nirrents are determined and controlled by voltage or pcitential dif- 
fcrmice. 

Bees might illustrate electronica, Uiough it’s admittedly bad iJoUcy 
to push bees too hard. If bees represent electrons, then matter in 
general becomes the hives. Ti\Tieii the hives are cold or in the dark 
the bres stay inside, l-nder the effect of heat or light the befls are 
induced to come out. Similarly highly heated matter, such as tung¬ 
sten, exudes elet^trona; and at ordinary temperatnrcB light induces 
electrons out of metallic potassium, for example. 

^Vhat are the bees or clectfous going to do after they are out of 
the hive {or the metal) T 'Hiat dct>enda on im]3ulse or pressure. 
They will fly in that special direction which tends to relievo that 
particular preamre. Tliey ]>roceed down the gradient. The electrons 
{X)mlng out of the metnl (because of heat or light) will alw fly in 
that sfiecial direction which will tend to relieve the particular elec- 
trinil pressure. They also proceed down the gradient. But if there 
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is nu particulnr impulsft or gradient, Imth l»c» and electrons hang 
arfjimd the source. 

A lot of electrons* like bees, flying in a common direction, becomes 
a current or cathode ray- I'Ve might lot them fly from the hot or 
lighted spot into a cold or dark one, and until we heated or lighted] 
the latter they would not come out. This unidirectional current cor¬ 
responds to what takes place in rectiflers and kenotrons, where we 
have impulses in two opposite directions between one hot and one 
cold electrode in vacmim* If the iiivcs (or the electrodes) are equal 
in temperature or illuiaination, no differential in current is possihlc. 
and with alternating impulses aUemating instead of pulMting direct 
current passes. Thus illustrate two-clcctrtjde vacuum devices. 

In the three-elot'trode vacuum tubes the third electrode is a sort 
of grid, or open fence, located Iwtween the hot and cold electrodes. 
This grid lets electrons pass freely, except w'hen it is negatively 
charged. ThiB also the bees would pass through a wire fence when 
they might be stopped if their impulse to proceed could be suddenly 
removed tliere* The negative charge is used in the three-olcment 
tube to alter the intention of the migrating bees or electrons as often 
as desired* and this with the rapidity of light. 

la the case of radio, it is the impulse from the antenna or loop, 
changing with evciy delicate change of voice-current or code-cur- 
rent, which, when to the grid, charges it and thus controls the 
currents williiu the receiving tula:. Those controlled currents do 
the work in the telephone. 

Everybody knows that radio tubes arc very sensitive. One cat- 
power of electricity used in Kew York actunily puts tlie impulses 
into a receiving outfit in San Francisco, and at the same time it also 
puts ilio identical impulses into millions of other receivers* But 
some appreciable energy must be used by each receiver to direct the 
local battery which operates tlic head sets. This minute quantity 
of energ)* ma^' he made rignifleant as follows: 

If m house fly climbs up a window pane 1 inch, he does a definite 
fi nioiint of work in lifting bis body that much. If this w-ork con¬ 
stituted the supply fed into the receiving tube from space, it would 
suffice to actuate the outfit continuously for a quarter of a century. 
This might interest a futuie student of telepathy, if the time comes 
to determine how far the energy of one thought may influence 
thought in a distant brain. It lias not been possible thus fur to 
determine the quantity of energy which is expended in thought* 
Just keeping alive transfers so much energy into heat that the addi¬ 
tional energy transferred when wc think has been too small to detect. 
But it ijeeti not l)e small compared to tlie power sensitivity of a 
radio set. 
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VACTTUM TUBES 

Thfe mere names of modern VBCuum-tutxj npplicstioiia of eloctrans 
fli-e lemon* TLe kenotron is a vscuum lube whi^ changes high' 
voltage alternating current into direct curi'eut, and it has its counter¬ 
part for low voltages in the l>attctj'-charging timgar rcctiher and the 
mercuiT rectifier- The various radiotrons, receivers, and amplihcta 
of radio ai-e also the most direct applications of the action of nega¬ 
tive electrons in good vacua. But X-ray tubes must also be com 
side red in this connectiont becaiiBC X rays are the result of the 
“ bump,” if you will, of rapidly moving electiuna in vacua against 

the atoms of matter, „ , , , - 

Electrons in motion are also directed and controlled by eieclro- 
raaguetic, as well os by electrostatic, fields. Therefore the ma^ietion 
and aiiotron have to be includeiL Because the mere illummation 
of such metals as potassium (like the high heating of other metals, 
such as platinum and tungsten) causes them to emit electrons, the 
photoelectric cell has to be included in our illu^rations. 

The elcctrona within the vacuum, as in a radio detector tube, obey 
the inconceivably feeble electiicfll impuLses received by the antenna. 
Conversely, the motion of electrons seta up impulses and waves in 
space. In other worda, the vacuum detector may be made a radio 
wave generator- Such tubes are used in broadcasting stations. 

imira waves 

The wave lengths of the magnetic waves produced by the changes 
of motion of the elcctroiis are very long in the case of radio (say 
100 to 10,000 feet), millions of times shorter in ordinary ligld, and 
millions of times shorter still in X mys, but tliey are all in ihe 
same medium and all due to motions of electrons, 

SPECIAl, KMiaSIONS 

Finally, to give an impression of the distance such work has gone, 
there should also be added the ease of a onc-atom-deep layer of 
thorium on tun^ten in a vRcuum and its effect on electron emission. 

EXI'KUIMKNTS 

l-AHFS 

The first great u-se of vacuum was in incandesCTnt lamps- If such 
a lamp is burned at much higher than its rated voltage, it lasts for 
a few minutes only, but it gives a light perhaps five times os cfiicieni 
as we usually see, The lamp dies because the tungsten vaporlKw or 
melts. The vacuum is not at fault. Tt is because of tin®* limilii- 
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tions that commercial lamps are so made that they hum nt tiormal 
voltages on projjcr circuits on average of 1,000 hours. If we were ^ 
satisfied with a shorter life we could hsvie a more efficient lamp, but 
cspcrience has shown that we would be unwilling to use the short¬ 
life lamps in oi^dcr to sectire the added efficiency. To increaBB the 
efficiency without shoilening the life of lamps much study has been 
made of distillation of metals in vacua* and of tuetlM>ds for return¬ 
ing the tUstillcd nictftl to the fijament. Mucli has also Ijccn done 
to make the deposit on the glass invisible or w'hite, ho as not to 
interfere with light transmission. Katurally we are always on the 
lookout for metals, mch os the newly discovered hafnium, which 
might possibly live longer as a tilament tiian tungsten now lives. 
Tliirty or forty years of research work had been spent on higb- 
vacunm incandescent lamps before Doctor Langmuir showed us 
how to make still better Inmiia by putting liack into the vnciiuiii 
gnses like argon and nitrogen. 

nifiTaLL.VTroN 

Wlien the materia] of a filament distilis ill racunm it does not meet 
interference to the motion of its molecules, and die distilling sub¬ 
stance pioceeda in straight lines from Uie heated source. This ia 
often observed when an incandescent vacuum lamp arcs or burn¬ 
out. Metal shadows of interior parts of the lamp are then ofU'ii 
cast onto the walls. This vs shown more clearly when a metal like 
gold is evaporated from the surfacw of a tungsten filament in vacuum. 
By the interposing of a design, as, for instance, the star in the left- 
hand bulb of i’lato 1, Figure 1, a shadow in gold is co-st on the 
gloss ois shown on the right-hand bulb of Plate 1, Figure 1. This 
simple phenomenon is mentioned because it lita in with tho kinetic 
theory of gases and explains many things observed in vacua. 'Flie 

mean free {lath of molecules Or atoms is very long in good vhcuh, 
and so straight-line distillation occurs. 

niTTOKr uuLim 

In the historic Ilittorf esperiment two vacuum bulbs, each carry¬ 
ing an electrode, were pine<l together by two glass tubes, one very 
^hort ani) one escecdingly long, as shown in I^Iate 1, Figure ‘2. 
When electric current was passed frtiru one bulb to the otlier, it 
evidently chose the longer instead of the abortcr patli, because the 
longer tuhe.s became highly luminous, while tlie shorter one did 
not. This is a fjuality of electrical conduction in vacua where small 
quant iti{‘S of gnse.'s still remain, but it can not be gone into here. 


THE VAt^VUNf - TliEilt'S SOMETIllSO IS IT - WTHITNEV 201 

mtSON EFFECT 

Another experiment sIiottb the historic Edison effect und its relii- 
tionship to pure thermionic currents. WHiete it wns once thougliit thnt 
nearly visible particles of the filament were shot across tlie space 
1)etwren filament legs in vacua, now we rec^nize, in very high 
vnenn, only the iinidirectionaJ motion of negative electrons. 

BEGTJl?^F4l3 

In vacuum tnt>es like the kenotron these electrons pass- from the 
hot filament to an eiectrcHle commonly called the “ plate,” Tliis pure 
emission current is the basis for the soH^alled rectifiers because only 
when the fiJameut is negative does any current tlow across the space. 
Wlien gaEra are present greater currents may bc carried, because by 
tlie iouLiiatton of tiie gases tlic moving electroiiB prwluce new con¬ 
ductors from the gas molecules. Thus the tungar rectifiers, contain¬ 
ing a little argon, and ihe older mercury vapor rectifies involve the 
same principle. Without some gas present the negative electrfins, 
bv their very concentration, constitute a space charge which limitfi 
the current/ Tliia space dvarge is removed by the ions produced 
witbin the pas when present. 

H-VDiOraOKS 

It'hen we interpose a grid or wire screen between the hot filament 
and the plute of the twtMilectTode tube or rectifier, we have what we 
now so commonly use in radio for receiving, for amplifying, and for 
production of higli-frequency currenU. Tlie difwovery of the con¬ 
trolling or triggering action of the third or intermediate elect itale 
was made by De Forest. A negative charge applied to this electrode 
or grid interrupts or modifies the electron stream, the current, fi oiu 
the hot filament to the jdate. As it takes almost no energy to charge 
this grid (little more than a “token” of energy, or voltage) the 
slight power from a radio antenna in its flnctiintion may bo used tii 
control or to trigger or to let through corresponding jolts of greater 
energy, which are in turn supplied by some local battery. In the 
experiment illustrated in Plate 2, Figure 1, an ordinary- incandes¬ 
cent lamp is lighted by current which is passing tlitough a three- 
electrode tube from hot filament to plate. Its light indicates this 
current, Tlic grid, or antenna wire, is sticking up from the tube so 
that it can “ pick up ” electric charges from space. small negative 
charge, produced on a rod of insulating material by merely rubbing 
it with a piece of paper, causes the lamp to go out or to light up as 
the charge<l it>d is brought near to of removed from the exposetl 
end of the grid wire, 
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BlAUNETHOX 

As the negatively cljargetl grid cwta off the current of the thrw- 
elEHtent tube, bo an estcniui magnetic (ield will also do it in the two- 
element tube, by so influencing or directing the moving electrons 
that they can not readi tlie plate. Such a device is called a mag¬ 
netron, Hie particular magnet run used in this experiment, Plate 

2, Kigiire 2, consisting of a cylindrical plate in a vacuum and a 
central filament within it, has a coil of wire wound on the outside 
of the glass, A feeble current sent through the coil fioiu n battery 
may ho made to set up within thus coll a magnetic field nUmt equal 
to that of the earth's magnetic held, so that by moving the whole 
apparatus about in space (thclfliy at one time adding to Ihe earths 
fidd, at others opposing it) tlie magnitude nml direction of tlie 
earth’s magnetic field can be disclosed by n iiieter which indicates the 
iTjguItiint current. When the iimgrieti-on points toward the north 
pole, the meter shows no current, while in otlier positions currents 
are noeasured. 

AXIOTROJi 

Another useful vacuum tube of this type is one in which the mag¬ 
netic field of the tilaraedt current itself hreomes great enough during 
each current cycle to deflect the eloctroiiB bo that they will not reach 
the plate. By this tube, “ the axiotron " the frequency of on alter- 
noting current may bo doubled or direct current be changed into 
Eilternating. 

PHOtO-ELUCTBlO OKLL 

Another vftrnuRi tube ifl the photo-^lrctric cell. As shown in Pbte 

3, ^ Figure one of these mny be connected with a relay to a Inmp 
m that when light sliines upon the cell the burning electric lamp 
is estinguishedi and relighted on cutting off the light from the 
photo-eJectric cclL In other words, it turns on tlic lump when it is 
dark and Inms it off when it is light. This depends on tlie fact that 
some tnetaky hhe pota^iunit emit electrons wlien light falls upon 
thetn. These electrons in vacqiini constitute a current when they 
are made to move by the electrkal impulse. To repeat; applying 
potential to a vacuum tube having a trotasslum electI'ode and an¬ 
other electrode for lending off iTie current causes current to flow 
in the foim of negnttve electrons from the illuminated mctal^ and 
this current actuates the electrical switch which turns off the lighting 
current of the burning lamp, 

Tllfe KKIIVE 

TJiis leads to the next, an ambitious physiological e.vperluient 
As shown in Date 3, Figure a photo-electric cell may be made to 
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PLATE t 



L A DEWOMSTHATION of the Stbaioht-Lihe 
Distillation Which Takes Place in Good 
Vacua. In The Richt-Haho Bulb. Which 
Hab I nside Elements Duplicating Those in 
THE Left-Hand Bulo, the Shadow Pattern 
O f the iNTEBPOailiG StAE ShOWS Cl^ARLT IN 
THE FILM OF Metal pistplleo onto the 

INTERIOR WALL 



S. Hittorf Ekperiment in Which an Elec¬ 
tric Current passed from One Bulb to the 

OTHER AT Low GAB PRESSURE PREFERS THE 
Longer of the Two Tube Paths 





SmtthianlAA Rapart, 1934.—W^Unvy 


Plate a 



1. A DEMC>NiSTnATlON OF THE RADEOlRaiV PBIH- 
CuPLE. ElECTPOH CuIrflEHT FPOH THE HqT 
FlLAME^T TO THE PLATE OF TKE RADEOTPON 
TUEE On THE LEFT lE MADE TO LlEHT THE 
lMOAHDE£DENT LAMP AT THE RlOHT. THIt 

Current CAN Be Stopped ev Inducino a 
IMEOAT j^E ChaPOE ON THE VERTICAL AH- 
TENHA W|H£ WhIOT Ie CQNNEOTED TO THE 
Grid 



a. A Demomstrati&n of the Sensitiveness of a Maonf 

IRON TUBE TO A MAaweric Fielo. When T^,s 

Element tube rs Sultablv ABBANoeD. Its 

WITH RESJ'ECT TO TerBESTIIIAL MaoNETISM iNFt^ENCES 
THE METEB READINO HF-LUtnCES 
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Folate 3 



L A DEMOKStRATION OF TTHt ACTIOK OF A PHaTI>E|.ECTTIIC 

CELL Connected Thpouqh a ^elay to an incandescent 
Lamp, when No Liont Falls on the Cell, the Lamp 
BuHHS; when the cell is E^PDiED TO LlQHT, THE 
LAMP IS EATINQUlSHED 



2 . Apparatus Consistino of a Photo-Electric Cell, Indicatino Lamps, 
CAPACITFES AND AMPLIFrERS itfi SoX'r AND A DOORBELL AHHaNOEO TO DE¬ 
MONSTRATE THE Retarded Transmission of an Impulse, Such as nerve 
Actfon 



1 . Thre£ Suspended Rubber bal¬ 
loons Berellihq each Other to 
A Trianoular Formation as the 
Result of Beino Electrdstati- 
dALLY CHAROED. iSEe Fiq. L Rl, 4l 
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FLJ^TE 



I. THE Qallooks Illustrated m FiauRE 2. 
PuhTEd, Are HereShqwn in Their Normal 
P o^^T^ONa A9 THE RESULT OF THEpR ChaRQES 
Havpho Been Dissipated av a Feeble Beam 
OF x-rays 



2, Apparatus DEVI5EO to DEMONSTftATE THE 
Ohahacterfstics of Electron Emission 
FROM A THOflrATEO TuHQStEN F I LAMENT 
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PLATE G 



1. A DEMPNSTHATION Of THE TfiAnSMlSSlOH 
OF EHEFtOV THROUGH SPACE BY MEANS OF 
Waves Of SEVERAL Million Cycles. The 
L iaHTED Lamp on the Stand Pecefves Its 
Enerqv fhow the Source Located !Be- 

HEATH 



7 r The Hewlett loud Speaker. No Horn 
Needed oh Account df the Laroe She 
OF THE DIAPHRAQM. SB INCHEE DiAMEtER. 
The Absence of the Horn and the Drs- 
mr&uTED ExciTiHa Coil Make Reproduc¬ 
tion POSSIBLE WITH A HrOH DEGREE OF 
Faithfu lness. For t ts Operation . a Set 
OF Vacuum Tubes Amplifies the Micro¬ 
phone Current 
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t^pree&nt a crude which is connected to a so-called “nerve 

lending to a ‘^ bram/^ The nerve is merely a long box having elec¬ 
trical capacities and suitable amplifiers or threo-electrode tubes 
within. Tlie capacitieH scoe to slow down the apparent rate of flow 
of the feeble current from the artificial eye so that indicating lamps 
along the top of the box or “ nerve light up, one after another, as 
the impulse from the '^oye” passes along that path]i or the nerte. 
After the last lamp is thus lighted by these amplified currents an 
electric bell rings to indicate reception at the “btain” end of tiie 
circuit. This is not offered aa a reliable replica of the real nervous 
but as an applicatioo of the vacuum tube which amplifies 
the slight energy available and necesary for the csiperLmcnt^ With 
such slight energy it bccomesi practicable to show the delayed trans¬ 
mission and reception w^hich is necessary for an iUuatrution of 
nerve action^ Xerve impubes travel much alower than electrielly 
usually does, and this low speed was one objection to visual bing 
nerves as electrical conductors until Crehono and Williams sliowed 
that nerves might be naturally so constructed ns to transmit slowly. 

X RAT 

In order to diow another vacuum product (the X-ray tube) an 
effect of X rays may be demonstrated which is net usually thought 
of in connection with X rays- Three rubber balloons, suspended 
dose together by long cords, are first charged electrically by fric- 
fion. They then repel each other and stand stationary m space as 
at the cornel's of a large triangle (Plate 3-, Figure 3)^ As soon^ 
however, as a feeble beam of X rays is projected towards tliem in the 
manner shown in Plate 4, Figure 1, they quickly discharge and fall 
to their original position in contact with one another. X rays 
ioni^ air or make it conducting so that the balloons can not re- 
bi-iti their mutually repelling charged. This is the baaia of a mctliod 
for measuring the intensity of beama of X rays. 

M-RCrUA 

Another application of X mye is m the study of internal structure 
of crystalline chemical compounds and elenientii. Cathode rays, cur¬ 
rents of negative ions in vacuum, when sjjcedcd up by high voltage, 
produce by their impact X rays wliich are characteristic of the ma¬ 
terial on which they impinge; one may my characteristic of the 
nioss of the atom of the substance of I he target. It is through this 
fact that the X-niy spectm of the dnments considered as to w-^ave- 
lengths are arninged in the same order aa the atomic masses in the 
l>criodic table of Jfendclceff, and by this very nietbod tlic ncwci-t 
known element* hafnium, has been recently added to the known 
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metals, Rcferi'ing ugain to onr bee aiialogy. let a fast flying ewiLrm 
strike belb so hnrd that they make them Hfig. Frcpm the sound or 
niusical notes we gue&i rougtily Uie siaes of tlie be IK We could thus 
place them in their musieat series^ The sound corresponds to the 
X rays produce^l when the bees are electrons of CHtbode rays and 
sound wares are ether wraTcs. The mass of the bell is disclosed bj 
die tone or frequency; the mass of the atom^ by tlie same aign^ is 
disclosed by the ether wave frequency^ When a certain mineral was 
used as a surfac* for the electrons to hit, a new musical note in the 
ether was found. It wn^i recorded photographically. Its place In 
the scale of elements bad been predicted m accurately as middle C 
on Llie piano might have been predicted if it had never been heard. 

With higher voltages tlje velocitj' of the cathode rays (or elec- 
tr[}na) always increases. In the X rays thus far produced, however, 
tho pcnetrntiun or transparency is practically limited to about a 
ipiarier of an inch of lead. It is interesting to note that the similar 
rays front radium, the ^'Called gamma rays, can penetrate nearly 
a foot of lead. This ocure^^pands to an e,Tcce<lingly higli electro- 
motire force. Thus ntdimii rays (gumnia rnya) might be made in 
vacuum X-ray tubes if millions of volL^ were applied. 

ATOM LAvms 

I'he apparatus sliotYn in Plate 4. Figure 2 (dovtred by Doctor 
Hull) is e<i^ntially a two-electrode vacuum tubej the tungsten fila¬ 
ment having a little thorium in it. At a certain very high tempera¬ 
ture this thorium rapidly difTnses to the filament surface. Thi^ 
thorium surface then has the peculiar power of emitting electrons a 
hundred thousand times as rapidly* as pure tungsten at tlie same 
temperature^ An ordinary lamp may be lighted iu this e^tperiment 
by letting ill is thorium electron-emSiaion current flow through the 
lamp Rlainent. Tine vacmiui lube containing the thorium-coated 
tungsten also contains a little gai When the lighted lamp is short 
circuited for an instant by a switch, the potential on the vacuum tube 
b thereby gi^atly increaswlj and this causes ixsitive ion bombard¬ 
ment of the filament dthI thus tears the thorium all oif the tungsten 
surface, so that very few electrons are being emitted^ that is, those 
characteristic of pure tungsten iiE that tcniiieniturep Then llie load 
(the lajx\p) can no longer be carried by the electron current. To 
repeat, the heavy positively charged gas ions under the impulse of 
the raised electrical potential act like a powerful sand blast and 
elTct'tivcly clean tlie thorium from the tungsten, thus greatly re- 
diicing the emiwioji current. By highly reheating the filament for 
a few soconEb only, % fresh layer of thorium may be diffused to the 
aiirfns^' of the filament from within the tungsten^ scj that then at the 
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pri!v*ious lower loiid. or lighting current for the lump 

is carried as before by electrons emitted from the thorium sur¬ 
face, This is a proof of tho production of a layer of thorium on the 
tungsten only one atom deep. The electron current from thor¬ 
ium on tungsten ig greater than from pure tungstens abo than 
pure or massive thorium^ and is maximum when the single atom 
layer is present. is coalirmed by experiments on partial recov¬ 

ery of the surface and supported by thousands of successive repet i- 
tiotiE of this experiment on one filament, 

HIGH FlilHjGTlNCT 

By meau!^ of an apparatus such as shown in Plate 5, Figure 1, an 
ordinary incandescent lamp may be lighted by being brought within 
a foot of a coil which is carrying a current of several midion cycles* 
ThiSj produced by pulsatious, is about as near to w ireless transmiis- 
Bion of pow’cr as anything wo now Imve. This high-fieqiicnoy prin¬ 
ciple is also being used by Professor Nortbrupj of Princeton, for 
special electric furnaces. In these, the induced currents in the ma¬ 
ter ial of the crucibles or the material to be heated generate high 
temperature through local resistance. 

ijOUD speaker 

Plate Figure 2, shows a loud speaker of unusual design. It 
consists of ft 26-inch flat conducting disCj in a magnetic field* the vi^ 
brations of which correspond to the voice currents and reproduce the 
fKmnd waves without the intervention of a horn. To operate this 
device^ vacuum tubes are made use of as follows; 

Sound w'avcB entering a microphone cause feeble electromotive 
forces to iio generated in the microphone. These feeble electromotive 
forces arc applied to the grid of a pliotron and cause relatively large 
variations in the electric current flowing between fi.lament and plate, 
which in turn are used to ssecure larger electromotive forces to be 
applied to the grid of another pliotron. By tho use of several am¬ 
plifying pliotrons the original feeble electric currents are multiplied 
several thousand times and supplied to the loud sjioater w'hich repro¬ 
duces the original sounds wdth many times the original \^Uime and 
great faithfulness of quality* To operate thia pliotron amplifier re¬ 
quires a direct current of several hundred volts. This may l>e ob¬ 
tained by fir^ transforming power from the ordinary alternating- 
current lighting circuit to a relatively high \noltage, next rectifying 
this high-voltage alternating current by means of kenotrons, and 
finally smoothing out this pulsating current by means of appropriate 
electric circuits. 
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Tlie high degree of faithfulness of reproduction realized in thb 
loud spenher lb due partly to the nb^^ncu of a horn, elimiiiatLng horn 
resonance {one of the usual sources of distortion in a Epcech repro¬ 
ducer), and partly to the method of vibrating the dLaphragm by 
forces which are distrlbutfsd fairly uniformly over its siirfaoej in¬ 
stead of acting upon it in a very limited region^ as is the case in mo^ 
other loud speakers. Tliis feature eliminates rattling and ringing 
of the diaphragm or the production of high overtones by the tlia- 
pht^gtd vibrating in its partial nodes. 


THE USE OF RADIUM IN Mt^DICINE 


By AsrotypS B^clJ^fte 
JfratNr 0/ fAa Acadimie de Midicine 


itadiiim kilb living tissuss. Henri Becquercl accrdent^iliy disoav- 
ercd tL.i& unsuspected property- A$ the conseqaenco of carrying a 
piece of mdiutn in one of his pockets tliere developed on his chest 
H bum very slow in healing. Tliis chance observation was verified 
by Pierre Curie. The latter deliberately placed a piece of radium 
un his ntiti* After allowing it to remtdn there 10 hours there was 
produced a painful gore which required more than fonr monthg to 
heal. 

Pierre and Madame Curia, hoping that this as yet ill-directed 
force might beeoine one of benefit, transmitted a little of the precious 
substance to a physician of the St. Louis Hospital The latter care¬ 
fully applied it to the killing of diseased growths of the skin. 
Other pliysieiins in France^ regulating and improving the technique, 
extendeil these earlier attempts to severer lesions. There thus wns 
originated in France a now form of medical trentmont. It was soon 
adopted and mveatigated in nil civilised countries and increased in 
importance* Subsequently the curative properties of certain mineral 
waters and various mineral muds was traced to the radioactive prop¬ 
erties belonging to them. 

This new' method of treatment was at first called radiumthcrapv* 
hiUter^ after other radioactive substances had been discovered, several 
of which proved to be of similar valuCj it received the designation 
of Curie-therapy—very appropriately, since on the other side of the 
Khine a treatment nmking the use of X rays, discovered bv the 
physicist Kontgen, had been called liontgon-therapy. 

Curie therapy may make use of the more general action of radio¬ 
active substances introduced in various ways in extreme dilution 
into the blood stream^ hut it much ofteucr uses the mom specific 
local action resulting from the radialitma from substances of which 
uidiiira remains the most perfect type, Tliis local action ig found 

»driim«i ml ttio SartKtasc, i>«. I'tt, nrj3, «i ihm of tbt 

of tho gf raiaiim. Tifituililfid by itcnDlHlon from neww gei^n- 
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of benefit for u considerable numl>er of diseased conditions of Tthicli 
the list is doubtless now incomplete. Among these maladies cancer^ 
becauisc of its seriousness^* occupies the most important [dace and 
orershudows all others. Flow does the radiation from radium act 
upon this scourge 1 Tlie knowledge of its mode of action upon can¬ 
cerous tiimnra will enable us to understand its effectiveness in fho 
case® of other tiltuors and less severe Jiialadics. 

Cancer has as yet yielded but a few of its secrets. But wo now 
know that it is no longer to lici looked upon ns a fsitnlly here^litary 
disease* the appearance and growth of which are so equiiUy certain 
that we can only religiously or stoically resign ourselves to a certain 
outcomeK It iSj in tiie bcginiiing- a local sorc^ a ^rictly and exclu¬ 
sively local sore^ arising at a single place because of the abnorniaL 
disordered, anarchic development of n few microscopic cells from 
various provocative causes. It is being studied with success in our 
I'psearch laboratUries by means of animal experimentation. 

In the first pliase as a local sore it is certain that cancer is curablcj 
porfecth' ciimhle. The necessary and sufficient cotidilion for the 
cure is the suppression and complete destruction of the cancer cells 
already developed at the original focus and in the process of dissemi¬ 
nation into the neighboring tissue. 

For the suppression of cancerous tumors there was for a long 
time only one known weapon, the knife of the surgeon. We have to 
acknowdedge that even to-day in many eases it is tlie best Surgeons 
have cured and will yet cura ennoers in great numbers. Their biic- 
cesscst formerly exception ah have been multiplied slnco Pasteur^ hy 
his jmmorUil discoveries, and Lister, by hia applicationsof them, have 
{roltabonited in the development of a new surgery as audacious and 
beneficial in it^s intervention as the older surgery" wras timid and 
murderous^ These successes would be even more numeroiis were the 
recourse to the surgeon not so often too tardy. 

To the knife of the sturgeon the researches of the physicist have 
now added tw“o other weapons: First, the rndiataon discovered by 
R3utgen, and s&:ond, raditimj hut more especially in that complex 
radiation from radium made up of three different constituents desig¬ 
nated by the first three letters of the Greek alphabet! the gamnm 
rays^ 

The X and the ganima rays are of the &amc nature^ Both possess, 
along with the property of passing through all bodies, the power, in 
proper doBes^ of destroying living cells. The gamina rays, besides 
being much more penetrating, arc ali^j more amenable to very divert 
conditions of treatment The miniature source* which the least 
particle of mdinni forms, can bo incloi^d in a small tube or in a 
fine needle of metal like unto a Lilliputian Rontgen tuiie. Such tubes 
may bo distributed in greater or suiaUer numbers close to the skin or 
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iiiftT be introdDced into the inti^ritir of the Batumi body cavities. 
The needles can even be made to penetrate the diseased tissues. 
They are minute hut marvebusly active m:d poiverrul sources of m 
invisible radlatiun. 

In these tul)es or m tltese needles can be sealed instead of radium 
I he gnscoiis substance or emanation which by a process of atomic 
disintegration is a rcsidiiim from the radiation from radium^ Tlie 
focus of i^dioactivity fornic^l by tIds isolated and impriijoned ema¬ 
nation is not, like radium^ an uuchanging capital of constant revenue, 
but decreasea and decreases at sudi a rate that in less tlion four days 
it loses one-hat f iU original value- Ncvertbcless its use ha^ certain 
advantages^ 

X rays and gamma rays iii strong dt>ses may totally destroy the 
living tissues just as do caustics; but in smaller doses they seem to 
make Et choice, to exercise ^vhat maj' be called a selective action since, 
from among the diverse living cells of the exposed r^ion, they kill 
some and leave others intact. In reality they make no selection, but 
the various cells of our skin, muscles, and nerves are very unequally 
sensitive to thdr destructive action. Xlio I'caction of the various 
cells to the same dose of the raj^s is as different as that of various 
substauci>s—paper, clothj. woodwork, metals—immersed at the same 
tem[>ei'ature in a Ik me. 

Thos^ living cells which are the tnmi sensitive to the rays are as 
ti rule d^ose which multiply the most rapidly. Such are generally 
I he cancer cells and consequently they ai*o greatly sensitive to these 
i^diatiuns. We may look upon tlie X rays and the ganinia rays in 
eifeert as knives or mihcr liivisible darts marvelously tempered and 
subtle, capable of riddling with wounds llie whole diseased legion, 
of piercing it without the llowing of blood, without mutilation, 
through intact skin, and of killing in an interniAl organ the canwromi 
edk, at the same time leaving alive the neighlx^ring healthy iL^ues. 

The varying chances of success of the treatment, the often insur- 
niouiitahle difKculties in its application, and tiie undeniable dangers 
depend essentially ui>t>ti the degree of difference in the sensitiveness 
of the cancerous and the norntal cells to the radiations. This differ¬ 
ence, sometimes very great, is oftentimes small, and may entirely dis¬ 
appear. This, leaving aside other ob^acles, is the great stuiubLing 
block to the successful treatment with Uiese penetrating radiations. 

Kadinm is the re fore not a j>anacea^ appUcablo to all cancers and 
capable of curing a cancer at any stage of its growth. Only under 
certain conditions it is an excellent weapon. Its applications, how¬ 
ever, increai^ as the very delicate teclinique of its use m improved. 

For quite a while the knife has given place to X rays, and for a 
somewhat shorter time to radium, iti the treatment of snperfioial 
cancers, especially of the face and Ilpa* It m only during the recent 
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ycops tliat in the case oi dfi^per ^^atiNl and more rapidly destructive 
t! 4 Uicers, miidi more diOifult to rndium^ aided by improved 

technique^ ba^i cruniHited successfuJIy ^itb the knife. Such are the 
i-aiicei^ of the ton;rue^ of the moiiih, of the throaty of the larynx* 
and, that most depluiiible of all, cancer of the womb, which, when 
It attacks the aiotlier of a family, seems a most cruel penalty of 
maternity, making' ii£ especially tempted to accuse nature of in¬ 
justice did we not know that her inflexible laws ra^rd neither gootl 
nor eviL 

With the last-mentioned series of cancers* in cases where opera¬ 
tions are not possible, radium* well managedp gives not only wonder¬ 
ful improvemeDt, alleviation of suffering, and the prcdongatloa of 
lifej, bat also in a very' goodly number of instances penuajient cures. 
Even In oases wbere operations are possible* according to the most 
recent and convincing nlj^ervatious. cures by radium equal or surpass 
those With the knife. 

Formerly the physician, in the presence of a cancer, could only 
ask. Is it or is it not operable? To-day he has to o^k a more com¬ 
plex sicries of questions. Of the three weapons—the knife, tfie 
X rays, and radium—which compose our arsenal against cancer, 
wfiich shall he prefer? Shall he employ only one or ass^ociate sev¬ 
eral! In the latter case how is it best to combine them! It ie a 
dJOicult problem* Doubtless the solution several year^i hence will 
be different from wbat it would be no^v. It requireH long study in 
IriEtitiite^ and special honpltals fatch as Iiave been for sqme time 
e^itablhshed in almo^ all eiviLized countries. 

In the country of the discovery of radium and Curie-therapy, 
painful as is the avowal, it was not until 1932 that the Dnivermty of 
Paris and the Pausteur Institute, by common accord, decided upon 
the founding of an institute of radinm. Its two unpretentious 
buildings were slowly completed during the recent war. Into their 
inert E^nes Madame Curie put the breath of life by a magniffceni 
gift which she had agreed upon with Pierre Curie previous to his 
death- All the radium extracted from the ores from Bohemia by 
their own pafience and hands became the property of the new in¬ 
stitute to be used in the joint work of its two laboratories—the Curie 
Ijiboratory, under the direction of Madame Curie and devoted to 
purely Bcicntific phyrical and chemical researches, and the Pasteur 
Laboratory, under the direction of Doctor Regand, dedicated to bio¬ 
logical researches and the study of the application of radium to 
medicine. 

Soon sftdrwartls, for the pnrposo of aiding mid sappTcniciitiiij; 
tbe inadequate nraonixcs of Uio Ttadinm Institute, there wag founded 
a new independent tnatUution, the Curie Foundation, recn^ized as 
a public service in 1021, arnilable for nil izenoral conventions and 
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having a s^ptfcial endowment. Its purpose is to ptotoote and develop 
by scientific researches of all kinds on radioactive bodies and their 
emitted radiations, their application, principally in medic me j but 
more especially in the treatiuent of canoer. Its ainbition is to dis- 
i-over new scientific properties aud new methods of treatment for 
broadening the ftcopc of Curie-therapy. 

Already the Curie Foundation has an offshoot in Canada in the 
Kadiuni Institute founded at the University of llontreal by the gov¬ 
ernment of the Province of Quebec. This forges a new bond of 
alTeetion in addition to those which already united that country 
with Fi-ance. There is an even Ijctter evidence of this bond in the 
presence of Professor Gendreau, the Canadian director of this 
distant offspring, at the ceremonies for the twenty-fifth niinivcrsary 
iif the discovery of radiuin. It is at the iiadlum Institute in Parls^ 
in the medical service connected with the Curie Foundation, the first 
in Prance of the institutions for the treatment of cancer, that Curie¬ 
therapy has recently showm its most important progress. This 
organization, including a djsi>ensary already a year in serv'ice and 
oHicially inaugurated this morning by the l^linister of Health, ie 
from a practical point of view very far from being ibe equal of some 
analogous institutions of other countries. It possesses neither their 
wealth of radium uor their magnificent buildings. Its beds, located 
at the Pasteur Hospital and the Antoine Chan tin medical-imrgiea] 
clinic, ore scattered and too small in number. It needa a special 
hospital, but, as an independent observer has the right to declare, 
tiowhore can be found greater enthusiasm, ardor, and devotion to 
science or a more di^intere^-ted and humanitariau spirit than tliat 
which, m exemplified by their chiefs, animates all tliose ossociaietl 
in the work. 

To AIadame CuiniL 

Madame: The discovery of radioactivity and radium, while open¬ 
ing a new world to science, also brings a new domain for the treat¬ 
ment of diseo^ics. When the Academy of Medicine imonimoiisly 
elected you to its mcmherslijp without any request from you, it but 
performed a duty in justice and in gratitude. It has tJie right to be 
proud of the gloHons name of the first woman elected to its mcm- 
berahip* 

Though oil minds may not be apt to understand the greatness and 
beauty of your conquest in the world of science, what heart is not 
moved w'ith admiration and recognition before the new force with 
which you hare enriched the pos^bility of lightening human misery, 
of triumphing for a while over suffering, disease, and death! 

Wherefore your name and that of Pierre Curie wiE Eve forever 
with all mankind among those of iu bcncfactora. 
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CLEAR FUSED QUARTZ MADE IN THE ELECTRIC 

FURNACE» 


By EIdwabd B. Bebbt, D. SC. 

Thornton Retearth Loiontiorg, Omwol E]eetrie Co. 


tWith 3 plAtea] 

INTBODCCmON 

It is the purpose of thia ertick to present some of the recent re¬ 
sults of tlie development of cker fused ijuarta end to focus uttcn- 
tion on some of the surprising properties of this materleL Tim art 
of making fused quarts dates back to 1S39 when Gaudtn^ in France, 
discovered the general thermal properties of fused quartz. A num¬ 
ber of advances have been made in the art since that date by various 
investigatorst but most of this work has been concerned wUh the 
opaque variety of fused quartz usually made from sand. It is only 
during the past SIS years that the development of cleat fused quartz 
has made very rapid progress. 

It has been possible for many years to mnko fused qiiarta of a 
high quality in small sections and lengths by band labor in the 
ordinary blast flame, using gas and oxygen. This has been done by 
piecing together smdl sections of crystal m the Qame; or by adding 
silica powder from time to time untiJ the piece has grown to the 
heating limit of the fJame, an obviously slow and expensive process. 
ICixmi this step in the development of the art to the point where 
very large muiscs of equal quality can be made has been a long and 
difficult one. In the last few- years the advances made by the process 
described in this article have been so rapid and far-reaching that 
there Bcems to be no limit now to tlie size of high-quality clear fused 
quartz which can be made, except tliat which may bo impoeed by 
mechanical difficulties. 

MJri’HfJD W' KBKIOS 

When it is desired to obtain fused qiiartK of the quiilily which is 
illustratod in thU article, it is nectssary to KUirt with the very 
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delptila, Apr„ 1K4. Il<i|ft1at04 bj pmilHlail fnm Ibu Ckwctml Etcctiiti 
JiBa#, iD24. 





214 ANHOAL BEFOBf SMITHSOSIAN Ij;BTrrUT10N, lt®4 

higliest quality of raw material, of wLlcb Uiere b noue better than 
Trater clear cr^als. It is much more difficult to make ifthutz^’.^ 
of this high quality from SttJid even if its purity exceed ^ peir^nt 
The rock crystal used in tliis work is water clear and cantaius prob* 
ably less than two-tenths of 1 per cent impurities. The surfaces are 
often encrusted with iron oxide and other foreign material and the 
crystal itself can be seen to contain clusters of smaU bubbles. The 
crystal is therefore washed in acids, and then broken up and tbe 
unsuitable pieces discarded. 

There are two distinct steps in liie preparation of tubes, rods, 
ribbons, aud cane; the messt importsnt of which is the initial fusion. 
The clean quartz crystals, which are of various sizes, are packed as 
densely as possible in a graphite or carbon crucible so that during 
the cracking of tlie crystals, which is bound to occur as the tern- 
perature is raised, the parts can not separste and allow any small 
amount of gas which may be present to enter the many crevices 
and thus form bubbles. Those lightly packed crucibles are placed 
in a modified vacuum furnace and the temperature raised as quickly 
as possible to the melting point. During this fuaion the pressure 
in the furnace is kept as low os possible. The time required for 
fusion will vary with the conditions end in all cases no more than 
45 minutes is necessary. The energy rate of fusion is from to S 
kilowatt-hours per pound of quartz, and the loss of quartz due to 
volatilization is negligible compared with other charges. The re¬ 
sult of this first fusion is u clear, transparent slug containing com¬ 
paratively few bubbles ranging in size from a pin point to S or 3 
millimeters in diameter. 'WTiethcr these bubbles have been formed 
by a gas or by silica vapor, it must be remembered that they have 
been formed at a temperature of about 1,800'’ C.; and consequently 
their pressure at room temperature is very small. This slug is now 
placed in another graphic crucible which is suspended in a vertical 
carbon tube furnace. A graphite pistoii which just fita the crucible 
is placed on top of the fused quartz slugs and a weight is placed on 
top of a plunger attached to the piston. The slugs are again brought 
to fusion, tlie bubbles are practically collapsed and by the action 
of tbe weight the quartz is extruded in Uie various forms, such as 
rods, tubes, ribbon, etc. Tliis material is practically free from bub¬ 
bles, but because of limiting dimensions it may become necessary 
to rework some of this, which is accomplished by the usual bench 
methods with an osygen-vSluniinating-gas flame. 

When it is desired to obtain large blocks as free from bubbles as 
the tubing, cane, and ribbon, another operation is tieoessary. Aa 
before, the quartz is fused in a vacuum furnace which, however, is 
also designed to withstand very high pressures. As soon as the 
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mfitcrial is fused, the vacuum valve ia closet! and the pressure in 
the tank is brought up to some value, depending on the object in 
view, in less than a minute. This pressure collapses the bubbles 
and makes it possible to obtain very, large sings freer from bubbles 
than many kinds of the best optical glass. 

Previous attempts to reduce the bubbles by continued beeting 
above the melting point TesuUcd, after a certain stage, only in ex¬ 
cessive loss of silica by volatilization. We have fused quartz at 
initial pressures of COO pounds per stjuare inch, atniMpheric pres’ 
sure, and less than one-hnlf millinieter of pressure. In the fir^ ease 
the mass was practically opaque; at atmospheric pressure it was 
considerably improved although much inferior to the present quality 
of quartz; and under vacuum conditions a large mass can be pro- 
dured, which from the standpoint of number of bubbles is very 
satisfactory. 

Not the least of the diflSculties encountered in this development has 
been that in connection with the furnace equipment. The vacuum 
furnace in particular had to he greatly changed and enlarged with 
the result tliat wo now have probably the largest vacuum furnace 
in daily use capable of operating at low pressures. Then, in addi¬ 
tion to this, tbe furnace had to be so constructed as to withstand 
repeatedly on the cover total pressure of over 1,000,000 pounds 
(about tSOO tons), and of course as the size of the furnace increases 
these dllTiculties are multiplied. Special attention must he paid to 
the design of the resistor unit, to the thei-mal insulation, to even 
heat distribution, to the cooling of the terminals, and to tbe many 
other factors which present themselves in the use of these two extremes 
in piTCSSiire. 

lllien the quartz crystal is heated belwoen B00“ and 600* C., it 
undergoes a remarkable pliysical change, cracking into small pieces 
sometimes with cxplnsivo violence. Tliis is due to the difference 
of coefficient of expansion along the two axes subjecting the crystal 
to great strain, and to the decrepitation caused by tlie present of 
water and. liquid carbon dioxide lield in vast numbers of minute 
cavities throughout the ciystal. TJie only advantage therefore in 
using large crystals for fusing lies in tbe greater ease of keeping 
the charge free from foreign material before the different particles 
begin to coalesce. 

Hereaus has heated cryTital quartz in very small pieces, about the 
size of a nut, very slowly so that no cracking occurs and, conse¬ 
quently, no bubbles are included in tbe vitreous pieces. Hersch- 
kowitsch, on the other hand, has arrived at about the same result 
by accelerating tlie heating process so that a film of vitreous mate¬ 
rial is formed on the outside imd prevents air from penetrating 
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to the ceater, even though entcks.mQy develop. n matter of fact 
these processes, while interesting, are subject to very sensltiTe con¬ 
trol and are impractical whore large masees are to be fused. 

To obtain masses quite free from bubbles, it has been found best 
to raise the temperature rapidly to 1,400® or 1,500“ C. at whidi point 
the pieces begin to coalesce. At about 1,T50® C. the quarts is 
thoroughly fused though it is stili very viscous. Tn fact, the vis- 
omity is high even though the temperaturo be well over 2,000® C, 
Vaporization of fused quartz is rapid at 1,600® and at 1,750® C. the 
loss due to evaporation is wry great. Further increase in tempera¬ 
ture results in no great gain in fluidity. 

HOSIOGKN'EITT OF FUSED QTJAftTZ 

The difliculties of obtaining perfectly homogeneous fused quartz 
free from striae, strain, bubbles, and double refraction must be ap¬ 
parent to anyone who has worked on this problem, and discouraging 
perhaps to diose who have tried to buy such material. It is a little 
too early to state in what quantities such a product can be produced, 
but wo have mannfactuwd quartz of this quality which contained 
only two or three bubbles viaibla to the eye, .This quality, however, 
has not as yet been placed on a commorctal basts. 

paCrEUTlES AJin aitucations of clear fused quartz 

The fact that for a great many purposes clear fused quartz can be 
used up to 1,000“ C, without Injury; that its coefficient of thermal 
expansion is so small as to make it almost negligible; and that it 
will transmit light rays even into the extreme ultra-violet with verv 
little absorption, gives to It a great utility value—not only to the 
scientist but the manufacturer as well. 

The specific g^vity of dear fused quartz is 2.21. Its coefficient of 
thermal expansion is 5S by Itr*, which is about 1/17 that of plati¬ 
num and 1/34 that of copper; so small that a rod of quartz 1 meter 
in length wilt expand only about six-tenths of a millimeter for a 
1,000® C. rise in temperature. The small probability of fracture 
under sudden changes in temperature because of this property makes 
it especially desirable for many uses. Furthermore, where it is used 
as a mirror in reflecting telescopes this very small expansion or con¬ 
traction with change in temperature causes almost no distortion of 
the image and, consequently, much greater accuracy is made possible. 
Ill is property also makes the grinding of a lens or mirror Ic&s tedious 
and costly, as it is not nwessary io await the cooling of the shape in 
order to get the desired curve. It is possible to heat a tube of clear 
fused qiianz, say fire-eighths inch tn diamuter, to the melting point 
and plunge It into ice cold water without fracturiof^. 
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It« index of refrnctioii for the D line is 1.45D, and "whiJe its dis- 
()er?5lon is higher than optical glass it is more constant because of 
the frmallor effects duo to tcmpemture changes. If the rays which 
have entered are nearly paraile! to a rod of quartz tliej are totally 
reflected Intel nally^ and on account of this can puss around ciu^'es^ 
unless too sliarp. This property^ coupled with a very smaJl absorp¬ 
tion lossj irtnkos it possible to trunb^it light through very great 
lengilis of curved rod or tubing with very little loss. A rod of this 
fused quartz 1 meter long will emit at one end about &S per cent of 
tlio total visible light passed into the ottier end* For tlie better 
grades of optical glass the highest jiercentage transmitted under the 
same condUipn^ is not more than b5 per cent. 

The ordinary run of quartz, made by this process and used in the 
fohrication of quartz mercury-arc lamp$ will transmit light wave 
lengths as low os tfie IS50 A line in the ultra violet. From the oppo- 
site end of the spectrum the heat rays also arc transmitted with little 
loss. For example, if one end of a fused quartz rod 12 inches long is 
heated to incandescence^ it will bo found very uncomfortable to hold 
the finger over the other end, although one may comfortably grasp 
the rod a few Inchea from the heated zonon 

Clear fused quarU is the only knowm material which can be ob¬ 
tained in quantity and which is transparent to ultra-violet rays, 
The tnedlcal profession is consequently utilizing this material more 
and iriore in its application of ultra-violet light for therapeutic 
purp<^es. 

By the process here dc^ribed it is now' possible to make lubes, rod, 
ribbon, and cane in lengths of 30 feet and in shorter lengths of 
diameters up tq S inches. Blocks have been made up to HVi inches 
in diameter and 0 inches thick having comparatively few hubblea, 
and these widely separated, corn parable in general appearance to the 
best quality of optical gla.% Such material is suitable for prisms^ 
lenses, and for use in instruments where the visible ray is an Irii^ 
portant factor. 

Constant progruEs in this development k being made, and it is 
hoped tliat perfect homogeneity can be made the nile rather than 
the exception. It is expected that for mo&l optical work this quality 
of the present material will be entirely satisfactory* 

PROJEiyriON LKXSES 

Fused quartz lenses of 4^^ inches diameter Lave been for several 
months very successfully operated on test in motion-picture projec¬ 
tion machines, using cutrenta as high as 150 amperes and where glaaa 
lenses cracked almost daily* 


218 ANSUAL TULPdHi: jSMtTUSONIAJf INSTITUTlONj l\&i 

THERUOUETERS 

It is veil known that in the ordinary glaaa tliermometors there is 
on apprccinblo la^ in the glass, so that suceesaire readings in a de¬ 
scending scale are inaccurate. To test the extent of this we have 
placed a standard glass thermometer and a quartz thermometer of 
our own construction in the same bath and raised the temperature 
to 515^ C. and then lowered it again to O'* C. In this particular 
case the mercury in the glass came back to four diidaiona below the 
zero mark, whereon the mercury in the quartz returned exactly to its 
original calibrated mark at zero, "While the capillary in the quartz 
tubing is not exactly uniform Uiroughout its entire length, it is so 
uniform that a calibration of the tube over its whole length would 
oliminate any inaccuracies due to the slight non uniformity, 

TOTTING FORKS 

As a standard of pitch the tuning fork is about the only appliance 
in use. Temperature changes affect the pitch of the hardened steel 
fork, however; and, what is more important, tlie work which has to 
be done in adjusting these steel forks to the desired pitch by grind¬ 
ing or otherwise working them, results in changes in elasticity and 
dimensions that cause a disturbance of the pitdi note. A tuning 
fork of quartz is not subject to these changes to any appreciable 
degree. 

This work has all been carried on in the research laboratoiy of the 
General Electric Co. at Lynn, ond in presenting this desertprion the 
author wishes to express bis appreciation of the efforts of Air, L, B. 
Miller and Mr. P. K. Dovers, who in a large measure were res([ion- 
silde for the good results obtained. 
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THE DRlF^nNG OF THE CONTIKENTS^ 


By rrcBTuc Ttnui^ 


Nothlni^ concerning the seas or their history should fail to inter¬ 
est you. The structure * * we now occupy is a kind of temple erected 
by an enthusiastic mariner to the glory of the ocean which he had 
made his godj therefore^ all the echoes from the mifrhty roar of 
wavea past and present should converge here. Yes; even from the 
pastf the most distant past; the dashing of wavc^ breaking on 
shores which in no way resettible our ownj tbe roll of waters which 
divide an instant to engulph ^trie great island^ as fabulous Atlantia, 
or some bit of continent^ and dose again with a lazy indifference 
over so inany iswallowed-up treajsurea; the roaf of the terrible tidal 
wave, the tmnamis of our Japanese hrothera, which has caused agita* 
tioPt undulation and trembling from the depths of the sesj and 
which has rushed to the assault of the continental domain^ overturn^ 
ing alb leveling alb mowing down the terrestrial life and its work 
uf a day; aubterranean sounds from unfathomable depths, scarcsely 
to be pereived while listening to the importunate murmur of living 
beings and flying meteors, and which are the sighs of the earth in 
travaib of the earth incessantly deformed^ increasing or diminish¬ 
ing its oceanic areas, folding the bottom of its seas, elevating itj 
after having folded it, then raising it above the watcrsiuj if to menace 
the heavens, and sometimes, after having thus elevated It, dragging 
it back into the marine depths lower than before. Sound, indeed, 
who knows? A sound almo^ imperceptible, so slight, so little dif¬ 
ferent from silence itself, of continents en. Tftarckey w hich slowly, oh 
very slowdy, as great pontoons floating on the calm w'aters of a port, 
or as giant icebergs borne by the j>olar currenta, are drifting toward 
the Equator. 

This is the very question wo are going to consider this eTeniug; 
Are the routinenta absolutely fljted; the one in relation to the others 
and all in relation to the profound depths? Are they really terra 
hrma, os the sailors say when, worn out by the rolling and pitching 
from the depths of a monsoon, they dream of the old iron ring on 
the stin-flooded quay? Are the outlines of the sca^s on the surface of 
the planet invariable? 

Let us suppose an observer without sense of time, indifferent to its 
duration, for whom a thousand years aro as a day, were placed be- 
youd the earth, for example, at the distance of the moon, contem- 

^TnniUua i>J pcrmtHlDB Hvtu^ ScIciiUa^u^. 

* liuUEat DcimJkpffnptLlque of fo^andn] bf Albert 1 of Umutcu. 
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plating the full earth, round and shining” in the midst of'blach 
space. Would this observer always have under his eyes an orbit of 
the same aspect, as a child learning geography turns in his hands one 
of those globes prepared for teaching and finds again and again be¬ 
fore liim the same contours and the same colors} 

Would tins observer always ace the same America extending from 
north to soutli, gradually conlractliig from lop to Ituttom, divided 
in two [>arts by a brge indentation, the lesser being strongly re¬ 
fracted toward the east} Would he always see the same moss_ 

Europe, Asia, the Eurasia of Edward Suess, extending parallel to 
the Equator and broken by long and liigh mountain chains; then, 
separated from Ettrasia by a gone of indentittiom;, the Mediterranean, 
the Red Sea, the seas of the Malay Archipelago with tlieir numerous 
islands, two other great masses, Africa and Australia, which re- 
SGitiblo each other in their moasive form and simple contour with 
their blunt southern terminations, Australia having Tasmania, a 
blunt point to the south, and both refracted toward tlio east in their 
southern portions after the manner of America? Would ho always 
see between tlresis two great continental syslcias the same oceans, 
strcUhing out infinitely toward the south, narrowed and almost 
closed toward the north? Would llmro bo the Rftme islands—Islands 
on the eastern side of Asia, arranged in garlands parallel to the 
carve of the coast; islands of Oceania in long archipelagoes which 
hot'o the fonn of arcs and which seem frtitD afar like light strokes 
of the bniuh on the immense and monotonous painting of the Pacific? 
The Sunda Islands extending along Asia, first in a regular and or¬ 
derly fashion and then mi.\cd as in a kind of whirlpool in the Celebes 
and the Molucca Seas, finally becoming united at the north of New 
Guinea, with ouc of the insular arcs of Oceania; the Antilles form¬ 
ing a semicircle open to tlie west; the islands of the extreme south 
of South America pne^nting also this arrangement, n scmieaxile 
open to the west, a semicircle whose diameter, extending from north 
io south, reaches from Cape Horn to the South Pole? Has there 
been for a million years the soma geography? Or, indeed, if our 
observer fell asleep for a moment, if lie closed his eyes for some 
doaens of millions of yvara, would he have been surprised on awaken¬ 
ing to find before his eyes a new and rejuvenated earth, continents 
with otlier outlines, different mountains, sees which ho did not know 
conditions in short which give this suppositional being the sensa’ 
tion of having been inattentive, a feeling of progress, of change, in a 
^'ordt a af tiuric which was before Lackir^rr Jn kim! * 

All geologists, without Iiesitation, would raspond to a nuestion 
put in tliese general terms, thiit the face of the earth is not unchange¬ 
able. All teach that the outlines of the seas vary; that the continentn 
are terra fimia only in appearance; that they ara rooted perhops but 
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that their roots, Uexible and cla^ic, permit them near the surface 
to draw nearer to each other; that the oceanic ^ace Included be¬ 
tween two continents can therefore contract much^ for example, from 
a half to two-thirds of its original widths and then this apace, for¬ 
merly tlie isea, becomes a Vim of folds* a mountain chain wluch will 
dominate supeid>ly the continents thus brought nearer together. 
Geologists differ only in ttieir interpretation of the extent of these 
phenomena an(! in the manner of accounting for tliciu. 

Yes; geography is variable. TVo have known that for a long 
time. It varies at firai a little, very little, I mean to say very 
slowly^ under the action of two powerful leveling agencies—erosion 
and Bedimentation, which tend to equaU^ the Burlace of the earth 
and to ostnblieh there the universal ocean, the Panthalasse of Ed¬ 
ward Suess—erosion which disaggregates, wcwi^ away, diaBoIves, 
rounds olF, modifies the motintains and very slowl}" transforms them 
into a peneplain; sedimentation which dlls tijc late basins and tends 
to diminish the deptlr of tho seas. Hut geography changes espe- 
ciallj by the peculiar movements of tlio planet which I call its 
convulsions. Tiiese niovemcnts are of two kinds, vertical and 
tangential. The vertical movements displace the shone lines;, cause 
tlifl sea to advance on th& continental domatu or recode:, rejuvenate 
tlio monotonous peneplains and worn-down mountain^ deeply em¬ 
bank the rivers; elevate or depress the high chains and thus in turn 
increase and lengthen or diminish the glaciers; raise new moun¬ 
tains or plunge beneath the sea portions of continents, va^ islands* 
or entire formations of a formerly majestic mountain chain. Ttiey 
change the conditions of life and of sedimentation at the bot 
, tom of the sea hy chiingiug the depth and the remoteness of tlie 
shore. 

These vertical movements ate some thousands of meters in extent 
They haire the singular dpuhlo character of being oscillatory and at 
any time counterbalancing each other so neariy that the mean level 
of the seas does not greatly change. While certain points of the 
surface rise some thousands of meters and others sink simultaneously 
a comparable amount, the nioan level of tJie sea in comparLson 
with tJie supposedly fixed mean level of the continents varies fudy 
a few hundred meters. 

The tangential movements are those which inkle the surface of 
the earth, transforming an entire section of the surface into a sys¬ 
tem of folds, w hich ne^s only elevation to become a cJmin of raoun- 
tains. The e.vtent of the tangential movements is indeed far greater 
than that of the vertical; for a partietdar chain it is some hundreds 
of kilometers, if indeed it does not attain to a thousand. The chain 
of the Alps, for example, whose width, to-day, ^jcarcely exceeds 

250 kilometers, resulting from the contraction of an elongated zone 
20301—23-^10 
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for a lon^ while occupied by the sea, was formerly at least SOO 
kilometers wide, perhaps a thoiisaud. The southern margin of this 
zone has approached the northern margin, and the sediments ac¬ 
cumulated on the bottom of this elorigated sea have been folded 
and even refolded upon each other* If, itiMead ot the Alps, we con¬ 
sider the entire ^stem of the great cliains of central Asia which is 
actually S,000 kilometers from north to south, vre are led to con¬ 
clude that the transverse sea roughly parallel to the Equator, was 
formerly at the very least 0,000 kilomctors in width for, in this sea 
which the geologists cad Tethys were deposited the aedimentg which 
constitute the major part of these chains. It was a siirL of trana- 
verae Atlantic; it has gradually narrowed by the contraction of its 
margins, a contraction which has proceeded without doubt by suc¬ 
cessive abrupt movements, whose total extent embraced eight or nine 
of our geological periods, that is to saj several hundreds of mitliong 
of years, Such is the oonimon teaching of geologists on the defor¬ 
mation of the surface of the earth; and you see that they all play a 
large part in the variations of geography and m the mobility of the 
lithosphere. 

Hut very roociitly, in 1&12, a German geophysicist, Alfred 
Wegener, conceived the idea of a vgiy much greater mcbility* He 
uprooted the continents and compared them to pontoons floating 
to a port, of which I was just speaking, or, better still, to those i<se- 
bergs w'hicli each spring are bom by the breaking up of the polir 
ice flow and, carried away by the polar currents, pass toward the 
temperate t^gions of the ocean, a white flotilla dreaded by navi- 
gatoi^p These mountains of ice drift with a speed varying slightly 
according to their form and dimensions, and the inequality of thefr 
progress soon exaggerates the distance which separates them. The 
same thing occurs with the conilnonts. Here, for example, is the 
Europe-Asia-Africa mass; it was united formerly to the American 
tnass^ and tliere can still Iw seen on Ixith sides of tlie Atlantic an 
undeniable similarity in the outline of the shores. Between the* 
masses, which w'ere formerly one, a fissure opened which gradunllv 
enlarged, because, in the general drifting toward the west, the 
American mass moved more rapidly than ours; and thi$ fissure, 
to-day from 2,(MX) to 6,000 kilometers m width, is the Atlantic. 
Wegener thinks America broke away from us; perhaps we shall 
never overtake her. 

The chains of islands lx>Qr w^itness to the moveincnt of the conti¬ 
nents. The islands arc comparable to the small icebergs which break 
off on the edges from the great mountainB of ice and remnin behind, 
being more rettinled in the intervening waters on account of their 
small sizes. Tlte islands form n group of stragglerB behind a con^ 
tinent which advances. Consider the insukr arcs of eastern Asia, 
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tlie Aleutian Islands, the peninEula of Katnchatkft, Kurile, Sakhalin, 
Japflji, Liu-Kiu, Formosa, Philippines, and Borneo; are not these 
fragments of the Asiatic coast detached nearly simultaneously and 
showing, by their arrangement in garlands pamhcl to the outlines 
of the sliorea, that they formerly belonged to them? And ihe chain 
Sumatra, rfjiva, Sumbavva, Flores, Timor, what is except a 
truncated extension of tliis tail of Asia, the Malay Peninsula? The 
sections of the Asiatic tail follow the general movement of Asia but 
with a slight retardation- Whot are the Antilles if not fragments 
lai^ and small of Central America left behind, the little ones more 
retarded than the large ones and forming a flotilla who® center 
advances less rapiclly than its w ings and which incurves thus in form 
of a semicircle open to the west? And what do wa see at the 
Houthem extremity of South America! The point of the continent 
twisted toward the en^t, twisted at rigltt angles, then at Cajie Horn, 
and in Staten Island abruptly broken; but a little further to the 
east there are the remains of this point—South Georgia, South Shet¬ 
land, South Orkney, Sandwidi Group, all one series of wrtM-kage, 
outlining another incurved flotilla whose left wing almost toudies 
the point of the Antaixtic, which point twists toward the etujt, ns 
di>t*-S tlie American point which lices it across Drake Strait. Doeis 
not this dIsposUion in semicircles of the two points and of the 
arelii|:)elflgi)ee cause one to vision the rupture of an old bridge which 
d toil Id have joined the Antarctic to South America and w hich, 
being without doubt too thin to resist the thrust of the marine 
depiiis opposed to it^ drifting toward the west, would have twisted 
its two abutments, and not being able to rest entirely coherent after 
twisting, would have broken in di^ointc^^l groups of scattered masses! 

Finally, let us consider AustraEia. Above is New Guinea, which 
eeems Ui be only a detached portion; above and to the right of 
New Guinea a w^holc chain of islands, whicli curve to^vard the south 
parallel to the Australian coast indudttig New Caledonia and far¬ 
ther New Zealand. Does it not seem to you that tills chain of Islands 
joins from the notili of New Guinea to that of tile Malay Archi¬ 
pelago which I called, a minute ago, the truncated tail of Asia! 
Tlie joining takes place in I he region of the Molluca and the Celebes, 
whera the archipelagoes twist around confusedly* But would not 
this tw^isting be due to the advojico frtNJi s^uth to nortli of the 
enormous mass of New Giiinca-Aii^tralJa! Would not these sec¬ 
tions of the Asiatic tall formerly extending toward the southeast, 
as Sumatra, have been deviated toward tlio north by the drifting 
of Australia? Tlieir flotilla, formerly regular as a well-conducted 
squadron, xvotild it not hove been dislocated and disper®d by the 
prow of New Guinea advancing and docs not tliis flotilla, extending 
further the direction of its route and simply bent by tlie moving 
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obstocief ag'niTi outline on llie Pacific the rcg^ubu: arc endiiig at Kew 
Zealand 1 To tbeae questions of Wegener I confess I have often been 
tempted to respond in the affimtativc- 

But Wegener goes furtlicr stilly so far that one hesitates to follow 
liim, II© docs not hesitate to attribute to the resist mice of the deep 
fluid ifiterior on which the continents Roat and In the interior of 
wliich they are plunged, of attributing, I say, to this resistance, the 
tangential mcivements which have folded the liihoaphere and fash¬ 
ioned die mountain chains. The long chain which dominates the 
w’Krtcrn elioro of America, Uie Rocky ^Mountains and tlie Andc^'t 
would result, accoi*ding to him, in the marginiil folding of the 
border which fiervts aa prow to the immense ship while it drifts 
toward the west^ Perhaps it might be thus for any long chain; 
it would indicate the direction and, on careful consideratiorip 
the trend of the ancient continental drift, Australia would for¬ 
merly have moved toward the east before advancing toward the 
North; Africa would have had, at a vei^ remote epocli, at the end of 
the Primary, a rapid niuvemcnt of drifting toward the south, to 
which tliD mount a In chain of the Cape bears wltnessL 

Such a theory has tJie possibility of lieing esttemely convenient, 
an ml vantage wliich is not without grave danger, tho danger of 
making superficial minds heliev© that enigmas are solved when they 
are einiply displaced and rcpliicod by tho^s© more general and much 
more irrcsolvTible, Ves, it may seem very convenient to unite two 
oontinciits or to separate them at will; to join them to explain the 
migration of the fauna and flora from (>ne to the other, or the ex¬ 
tension from one to another of some line of structure, for example, 
a chain of mountains; then separate them to explain on another oc¬ 
casion the dissiinilarity of biological conditions that one observes 
there, or the differcjice which manifests itself in the geological 
history of two continents during an iudelinite period of time. It is 
also very convenient to admit, with regard to tli© continenis, that the 
terrestrial poles could alii ft. This, by a etmke of the pen, does away 
with all diflicuUy relating to tlie distrilnition of climate during th© 
diiferent geological iwriods. And If you are adverse to the idea that 
ilie axis of the earth may be movahk, you will b© told that this 
mobility is not alt ncccssitry; it is sufltricnt, the poles remaining 
fixecL to have tho continents glide around the globe. Ry means of 
this gliding you may construct at any moment the geography which 
seems to you most in accordnne© with the image which you have of 
the face of the earth in keeping with the geological data at th© same 
moment of its duratiom 

Here is a characteristic example of this extraordinary and very 
seductive roovenience* Toward the end of the Carboniferoua period, 
when coal was being formed in many parts of the glob© by the 
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flccumulatipn pf Tegctablp remains in the lake*| popila^ ho^ and 
la^QonS} g^olopcal observation reveals to iis that there were wide 
differences between two vast regions of the aarth's Hurface—bio- 
loj^Ecal differences and clitnatie diltercnceSh The first region em¬ 
braced central and southprii Europe, central Asia^ tending to the 
south as far as the northern Ixjrder of Ilizidnstan, and then North 
America between the Great l^iikes and Tesas. In this region the 
immense coal basins had just heen filled and the otiiers were still on 
the i>omt of rilling uji; the vegetatlnn was incredibly liixunant^ 
never at anj other point of gpological history had the vegetable 
kingdom known such exuberani'e. This vegetation was everywhere 
ns varied as possible, consider mg the state of development ivhich the 
world of plants had then attained, the plants of the American coni 
measures, for example, being the same as the Franco-Belgian or the 
Chinese- From the exuberance of the flora and also from the char¬ 
acter of the fauna one is led to believe that everywhenj the region in 
question enjoyed a very warm climate; nowhere so far has there been 
found the least manifestation of glaciation, A second rcgiati pro- 
^nted itself, entirely different, separated from the first by a trana- 
ver^ sea which extended from the actual position of Central Amer¬ 
ica and that of the Islnnds of the Malay Archipelago, passing by the 
north of Africa, and the north of Hindustan* thus forming a belt 
halfway around the earth. The separation brought about by this 
sea was an effectual one. for in the region of which I now speak, 
and which extends south of tliis sea, grew a flora plainly and almost 
totally different from tliat of the first region. The second Horn wins 
much less luxuriant, much less varied; it offered to a very high 
degree the characteristics of monotony and poverty which belong to 
a coiuitry relatively cold. A plant group dominated there, the 
s{>«cics 0/^^mpt^ri^y which is a fctsail specie-s of Fqngere (fern), and 
one often speaks of the Glosoopteris flora, Glossopteris region* 
GlosBOptoris period* to d<^ignate by a word those biological oondi- 
tiona, the region vrhere they dominated, and the voty long epoch 
during which they lasted. Tlie flora w'as the ^me, or 

nearly the same, in the whole continental domain, which extended 
to the eolith of the transverse sea. It was very vast, since it 
included Hindustan, Australia* Tasmania, Transvaal, tho whole 
great African area north of Transvaal, Brazil, and in tlie south 
extended as far as the diatnnt Falkland Archipelago. And, a verj' 
Important fact, over the enormous spac^ of this continental domain 
there had been during the time of the Glosaopteris flora manifesto- 
tiona of glaciation. Almost everywhere the first coal rucasures rest 
on a very extenaive moraine; at certain points one ascertains the 
superposition of many moraines separated by coa! measured. Thus the 
glaciers have advanced on the Glossopteria region as much in Hindu- 
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Stan as in Tasmania, as much in tha Falklands as m the Transvaal; 
and this glacial episode, many times repeated, seems to have been 
as impoi'tant and as general, even if nut more soi, than the great 
glacial invasions of the north during the quartcrnaiy period. 

All this is very difficult to explain and very embarrassing to tlie 
geologist. One lias dreamed of tlie displacement of the poles and 
attempted to place the South Pole In the IndiEtn Ocean not very fur 
from the Cape of Good Hope to account for the cold climate and 
the glacial invasions. But then two obstacles ai’e encountered: First, 
as there is a difference of nearly TO® of latitude between the Cape 
of Good Hope and the northern border of Hindustan, at the foot of 
the Himalayas, it is necessary to carry ilie glaciers which came from 
the South Polo even within 30® of the Eiiuator; further, the North 
Pole, antipode of the South Pole, would then fall in Mexico or in 
the Rocky Mountains, in a country where the deposits of the Upper 
Carboniferous are of calccreous Fusulina—that is to say, sediments 
formed in a warm, not polar, sea. 

With the theory of Wegener ■jvmything arranges itself, and there 
is no more difficulty. la:t ua suppose that In the Carboniferous the 
African mass may Ikj joined to the Uracil, tliat the Hindustan may 
even ho joined to the African moss, the southern point of Hindustan 
coming to attach itself to the east coast of Miidagascur, and Mada¬ 
gascar being itself attached to the African coast j that Austrdia may 
oomo to aggregate itself also to this mass by joining its west coast 
to the cast coast of Hindustan. There is thus a great southern con¬ 
tinental mass, which a transverse sea, the Tcthys, separates from 
another, the northern mess Ihua uniting again North America to 
the north of Eureaia, By aimpiy gliding let us displace on the 
globe the two masses and Tethys, with regard to the supposedly 
fixed axis of the earth. Let us arrest this movement in such a man¬ 
ner that the South Polo may be in what is to-day the Indian Ocean, 
not far from the region where we have made Australia, Hindustan, 
Madagascar, and Africa come together: all this region becomes polar 
antarctic, and it is therefore quite natural that the climate there 
should be rigorous and promotO glacial invasions. At the same time 
the North Pole faUa no longer in the Rocky ilountains, but in Hie 
open Pacific, on account of the union of North America and of 
Eurasia—that is to say, in a region whose geographic and geologic 
conditions during the Carboniferous period are totally unknown to 
us. Finally, and this is the most seductive paj-t of the hypothesis, 
the coal basins of the Tethjs and of the northern border of the 
Tethys, those of China, southern Siberia, southern Russia, Poland, 
Germany, Belgium, France, Great Britain, Canada, and the United 
States are all either on the Equator or within less than BO® of north 
latitude. One, then, can understand the warm dimetc whicll reigns 
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everywhere with the seme exubertmoo end variety of vegetation 
whidi covers them. It is admirable; but in order not to be misled it 
is neceasury to remeiiiber what I said a moment ago of tiie danger of 
those very convenient hypotbesea which make appeal to occult foroesj 
perhaps inexistentf and which afford us the formidable power of dis¬ 
posing at will of the continents and seas. 

Such is IVegeneHs theory of the drifting of the continents^ with 
its undeniable attractions and deceptive power, probably mislead' 
ing. It was received with very great enthusiasm, at first, especially 
among geophysicists and in Germany. The inconsistency came 
later. It is a curious thing that, in spite of the latitude which this 
tlieory gives to geologists; there are those a mongst them w ho h ave 
been unwilling to accept it and arts the ones who have raised the 
strongest object ions, L^t iiB consider the matter a little more closely. 

"What could be this fluid magma on which the continents float and 
in which tlieir bases are immersed 1 According to Wegener, it is a 
bath of melted rock having almost the composition of the heaviest 
lavas emitted by our volcanoes. You know that lavas vary from one 
volcano to anotlicr and sometimes even in the same volcano from one 
eruption to another. Tlierc is a whole gamut of lavas, the lightest 
of whicli, richest m silica ancj oxygen, when solidified are of the 
lightest color and have very nearly the chemical composition of 
granite, while the heaviest, tlie most basic, charged with magnesia 
and iron, have a much darker color and are even at times entirely 
black; these arc called basalts. From one extremity to the other 
of this gamut the density of the lava, supposedly solidified and coni' 
pktely crystallized, varies in round numbers from 2.3 to 3- It ia 
a rorv remarkable fact that tlie gamut of lavas has not changed 
since tlie most distant geological epochs of which we have any 
knowledge. Even in pre-Cambrian times, probably already when 
life began, there were volcanoes which ejected lavas in every way 
resembling Uiose of tlio Tertiary volcanoes, some that are called 
rhyolites; liaving the chemical composition of granite, others that 
were basalts, identicuil with our basalts, and a series of others of 
interniiediate composition. Hence the idea that there is all around 
our globe, under the solid crust, or lithosphere, a liquid spherical 
zone, or pyroaphere, from which the volcanoes have always l^n 
and still arc supplied; that, since the beginning of geological time, 
the mean limit of the litliospheiTfl and the pyrospherc have not sensi-^ 
bly varied; that, periodically, but with a periodicity unknown, on 
a vertical scale tliis limit rises or descends, but without exceeding a 
maximum value, neither does it descend below the minimum value 
of its distance to the center of the globe. On the other hand, all 
the geophysical data make us believe that, in the interior of the 
earth the elements are classed, at least npproiimalely, in tho order 
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of their jitcransinif density from the periphery to the center. The 
74>no next to the surface h fomied of light rocks such as granite, 
rich in silica, oxygen, and iilnminium; it is the salique xonc or the enl 
{SL Al) of Edward Stiess. Imwcr, silica, oxygen, and aluminium 
diminisli, while calcium, iron, and magnesia increaso; it is tl^e zone 
tdmvfw or the simv (Si, ilg) of Edward Suess, Lower still, there 
is little hut iron, with stmio other metals, such as nickel; Edward 
Sucss called this Kone or the ntfS (Xi, Fc), The probability 

is that the series of the mingling of the elements may be colatinumis, 
and that there may be no precise demarcation between and 
between sivia and rtifS, The same holds for the physical conditiotis. 
Under the solid lithosphere there is the liquid pyrospherer under 
the latter, what is the physical condition of the deep interior which 
becomes little by tittle nidque In its compositionT Is it a solid f Is 
it n gas? We do not know, and we content ourselves with calling 
this interior the bar^tphere. The probability is that there may be 
a continuous gradation from tho solid of the lithosphero to the 
liquid of the pyrosphere, and also from the liquid of tho pyro- 
sphere to the unknown physical condition which is that of the bary- 
Sphere. It is not, however, absolutely impossablo that there may be 
some discontinuities, especially in the series of the physical condi¬ 
tions; but, if such, they elude us, of course, at every conjecture. 

To uproot the continents and render them mobile, Wegener sup¬ 
poses tho existence of such discontinuities; be supposes that the eep- 
arattoD of tho sal and aima La dearly marked. The sal forma the 
continents; tliey am entirely solid. The aima under them is entirely 
liquid, without the viscoua transition between liquid and solid; under 
the oceans there ia only Hma, at drat a veiy thin pellicle nf solidi¬ 
fied aima, then, under that, the general bath of molten aima. 
Wegener admits that tho sal, of whidt tho continents are formed, is 
a solid having a mean density 2.8; he admits, on the other hand, 
that the liquid aim<x haa r mean density of 2.9. A piece of continent, 
a fragment of Sfli, floating on a sitniqiia bath, will bo deeply sub- 
merged in it, after the manner of mountains of ice which float on 
the WB, whose snbmergcd depth is very much greater than their visible 
height; for the fragment of continent, the submerged depth will be 
about nineteen timea the emerged height. Aa there is a difference 
of nearly 5 feilomcters between the mean distaneo to the center of 
tho earth of the continental domain and the submarine domain con¬ 
stituted by the bottom of the oceans, it is necessary, snvg Wegener, 
that the continents be srubmerged some 95 kilometers in tho liquid 
aima. 

Can you conceive of this strange earth! Around her a spherical 
liquid envelope, formed of lava, which if it became solidified would 
be analogous to basalt; this lavn is not only liquid, but vei^ mobile. 
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ulmost like wuter; on the spliericnl liquid envelope are placed the 
oceens, sepamtcd from tJie molten bath by a very thin pellielo of 
fust sufficient to aEsure the separation and not to bo broken at 
any moment under the action of tlic tides; in the remainder of the 
bath are gnbuierged tlie continent-% composed of solid immei^d 
as much as 95 kilometers dee|>er than tliu subotcanic pellicle^ 
above this {>e]Iic1e there are only some kiloineterfi of hard roeks 
which dominate for some Ivundreds of meters tlie level of the seiu^ 

And hero is tliat whisrh shakes and diepha^es oil. A continent 
advances. Like an enormous $lup- The simirpie pellicle which makes 
the bottom of the oceans gives way before it, powerless to Imprison 
it. As the steam in the polar $eas breaks victoriously in the morjiing 
under its beam the younj^ ice foivoed during the night, which tries 
to make it capti^-ei the continent advances, under the power of one 
knows not wlmt| an irresistible force* But the reaction of the sur- 
ix>unding tima restrains it; restrains it $o much that it folds margin¬ 
ally this margin which descendja a hundred kilometers below the sur¬ 
face, and this folding of the profound depths, extends as far as the 
upper limit of the vast mass, and causes there an assemblage nf 
folds, a chain of inoimtams. Again, in the cou^e of the drifting, 
the mess breaks by a narrow fissure^ th* underlying §tm4i gushes 
forthf some basaltic volcanoes open and flame; then the fissure 
enlarges, the sea penetrates it; thk will form later, perhaps, a new 
ocean; or olse it may only bo a momentary breaking of the two 
borders which will be brought together again and |oin themselvps 
anew'. In the meantime, behind the advancing continent, some 
islands originate from the crumbling of its long and frogile fdern 
they will be retarded in the simique pellicle continually reforming 
around it; the flotillas of islands, which will follow from afar, with 
the gentle undulations of a scarf agitated by the wind, or the brusque 
unexpected arrival of another imtnctvsa vessel, of another continent 
advancing, wiU throw it in confusion and cause it to whirl tu¬ 
multuously. Confess tlmt the vision is magnificent* I see it often 
before my eyes and never without inward enjoyment, as if 1 were 
seeing a very beautiful work of art. 

If it is true that the Jifmu forms the very bottoui of the oceans, 
while under the eontinents it is held at a much greater deptli, one 
should find that gravity is greater in the oceanic domain than in 
the continental; in this latter domain it should bo less in proporiioti 
ns the country is more mountainous for the ATohImedian equilibrium, 
the isostosy^ as they say, demands that the more elevated the surface 
of the continont is the more deeply it descends in the tivm. This is 
in fact what one ascertains from the laws of gravityK TJie adherents 
of the theory argue from that; hut they would be wrong to believe 
tliat the argument is decisive. One can, indeed, explain the diimnu- 
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iian of grarity in mountainous countri^ by noting lb at in th* 
mountams and under tbem tbe parts of the lithosphere nearest to 
ilie surface^ and hence the lighte^t^ arc folded and heaped cm them¬ 
selves and tints they have driA-en back toward the depths the denser 
lower zones. One can also contend that the differences of gravity 
are original; that the Uthosplicrei is not and never has been homo¬ 
geneous; that die oceans installed themselves^ from the beginning^ 
over the densest regions^ which corres|Mind to the depressions of the 
surface; that the continents are tins dense regions; and that tiib 
primitive distribution of relief has hardly changud up to our time. 
The consideration of the inequalities of gravity does not solve^ then, 
the question of whether tiie continents can drift widely or whether 
diey have been anchored for a long while; since on the eartli^ which 
liad just cooled, the seas were formed and circumscribed * 

In the theory of Wegener as the author presents it to us, there are 
numerous and strong improbabilities. The whole is seductive; many 
of the details are startling. I do not speak of the fundamental con¬ 
ception, little probable, bttle satisfying, of the existence nf the 
physical and chemical discontinuities in the interior of the earth. 
Blit who could believe, for example, in tbe formation of mountain 
chains by tbe reaction of the liquiti shriu on the advancing continent f 
If the «ma is capable of opposing such a resistance to the movement 
i>f the tloatiug mass, how ia it tliat this mass is not held by the ainui 
and how can it move? In the hyjjothcals of mobility, what becomes 
of the debris of the solid simique |ieUlc!& which forms the bottom of 
the ocean? Should it not accumulate in a thick fold of dark heac-y 
rocks under tlie prtjw of the great ship? But nothing re^mbling it 
appearsn How can the deep foldings of the solid continental ml, 
under the tlirust of the liquid ai>m, transfonn itself m rising toward 
ihe aurfnee and form these totds iiiid beds thiit w^e see in our moun- 
t ft ins and which suggest the idea of superhcial wrinklea much more 
than that of a very seated disturbance propagated in a vertical 
direction. 

Supposing that one could actsept Wegener^s orogenic hypothesis 
for the Cordilleras of western America, or south Africa, or easteim 
Australia, it would be necessary to lind another to explain the Alps, 
the Apenines, the Caucasus, the great chains of Central Asia, This 
is indeed what Wegener tries to do; but who is the tectonician who 
wotdd consent to acrccpting tw^o entirely different orogenesesp one 
for the Andean pile and lUoi® resembling it, another for the ini- 
mense transverse chains which are the highest summits of our world 
and which have replaced the ancient Tethys? How believe that 
under the oceans the basalt magma may liave u density of 2.0 and that 
it may still have the same density under the continerits at a very 
much greater depth, 05 kilometers greater! 
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Note that 2-% or rather 3, is the density of solid and cn/sialli^sd 
baSQlt at the surface of the ;^lobo; the density at this same surface 
of Haiti basaltj of flowing basaltic laTu, is indeed le£fi3; and the den¬ 
sity of this basaltic fluid certainly varies with the presstiro to an 
axtcdt TinknownH So that the calculation of the ratio of the plunged 
and submerged depths of sal seems a little illusory. How to admit 
dnully that in a bath of sima of ^uch mobility* in a bath ^vhere the 
great blocks of sal float and drift, the tides determined by solar and 
lunar attraction may not f>e sufficiently energetic to break each day 
the thin pellicle which separates the molten shria from the oceanic 
waterst For it is indeed necessary that this pellicle be very thin^ 
otherwise it would imprison forever the continents it incloses. 

Hut in the matter of geological hypothesis the improbabilities do 
not count. They do not prove that a theory may be radically 
false; they simply show that it needs to be auteUorated, correctedt 
accurately stated- If one docs not accept tha theory of Wegener!, 
it is not because there are others fully satisfactory. Thus far none 
has been proposed which does not also show some striking im¬ 
probabilities. Between these theories, which displace the enigmaa 
without solving them, we choose according to our tastes and tern- 
peramentSj some flndlng acceptable those which others declare 
absurd^ unless vre should prefer to take refuge in a kind of scientific 
agnosticism. In truth there are geological phenomena themselvca 
astonishing and improbable, of the existcnc?e of which one is entirely 
certain. How^ henceforth, expect to explain them! We knoiv 
that the lithosphere moves, that its movements have periodic returns, 
that certain of them are oscillatory ; w'e also know, or think W'e do, 
the extent of their amplituden Tliat is all. Of the profound causes 
of this mobility, of the manner in which the movements begin, 
progress, and cease, vre know nothing. 

To ameliorate W’egener^s theory and render it lasting, to do away 
with the gross improbabilities of which I have spoken, we can trust 
to the geo-physicists* They will conceive by new hypothescis other 
dctaik of the machine,” as Pascal remarks, details which perhaps 
will not be more correct than the first and which, in any case, 
will not be more possible of verification. 

Some days ago, in a communication which I had the pleasure of 
presenting to the Academy of Sciences, my excellent friend, Emile 
Belot, witJi whoso original and bold ideas you arc acquairitc<l fttid 
whose cosmogonic theory has interested Henri Poincar4 himself, 
recalled that> long before Wegener, he had attemptei} to explain in 
an entirely diflorent manner the genesis of the continents and tbo 
oceans; and he showed how liis own theory accounted for the 
original gi-ouping of the continents in a single mass, a grouping 
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which Wegener supposes but does not e:(plain, and bow this same 
theory ucooiintcd for the displacement of the continentaL niassos, 
which one searches for in > 3111 in the German tlieory. But there 
are many hypotheses in the theory of TCrni le Belot; there is, alxive 
all, the hypothesis of the transport of the earth at an enormovis 
speed to the midst of a tranquil nebula, '‘transport en projectile,” 
whith the author uses with admirable ingenuity. This furnished 
him with an exterior force, tiie resistance from the nebula, which 
he called “the ivind of the nebula.” As the earth, in the hypothesis 
of Belot, travels in a direction parallel to its axis, the North Pole 
forward, the two poies are very unefiualiy swept by this nebula 
wind. When the deluge of the primoidlal waters fall on the slightly 
cooled earth it will take tlie form of frightful squalls, generators 
of tho most frightful torrents, capahio of scolpturing the soft crust j 
these torrents accumulate the tal at the North Pole and, f»n the 
other hand, denude tlie at tho South Pole; they hollow out pro- 
foimdly the bed of the oceans and will give bo the continents their 
definite pointed form toward the south. It is further, the wind of 
tlio nehdhL which, by retarding the terrestrial rotation, very on- 
equally, according to tho latitude and very differently in the two 
hcmiapherca, furnished Emile Bolot an explanation of tho twisting 
of the continents tow'ard the cast and, in a general way, that of the 
tangential displaccmenla parallel to the Equator. Aa to tiie tan¬ 
gential displaceineuts parallel to the lueridians, the author explains 
them by means of a new liypotliesis—the hypothesis of the periodic 
fall on the earth of many sateUites in annular form, analogous to 
UiB rings of Saturn. I'hiis ingeniously everything is accounted for 
and it ia surely a very amusing effort, but it can not be proved. 

Very recently, also, an English scientist, J. Joly, gave his intcr- 
preution of the theory of the drifting of the ointinents, making 
appeal to radioactivity U> supplement the German thesis, thus mak¬ 
ing it capable of explaining a greater number of phenomena. Joly 
admits, as does Wegener, the existence of a spherical envelope of 
basalt all around the globe, under the continfitits, and under the 
oceans; hut he reminds us tliat most of the rocks that we know are 
radioactive. The basalt of the profound depths is therefure radio¬ 
active; it consequently constitutes a practically indefinite source of 
healL One might think that tlic emanations* from tliis source would 
be constant. But Joly in his hypothesis mabes the fiow variable and 
periodic. The release of heat, through the dmlntegration of the 
ladioelemeiits, is by paroxj'snis, separated by long periods of in¬ 
action, Hence the deplacement of the isogeothermal regions in the 
interior of the earth; they rise or fall; and the sphere of basalt 
which supportij Uie continents and oceans, ia sometimes formed of 
solid basalt, sometimes becoming liquefied very near the surface and 
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^vm transformed—^nnother hypothecs—into an cstremdy mobile 
liquid. Let ns cotmdci* the paasa^ from tho solid to the liquid state^ 
by the rise of the isogeothermes; it is accompULtiied by great expan- 
dons of the bo^iilt and b strong diminution of its density* The bot¬ 
tom of the are elevute^l; con^uently as the mean level of the seas 
rise also^ tbe continents would follow this centrifugal movement ^ 
but they ai*o retarded l>ecaM*ies being immersed in a liquid the derisity 
of whieh diminisEieSi tliey tend to sink deeper. The result is an 
encroaebment of the ssea on the continent, whicli the geologists call a 
trani^ession or a positive vertical movement. Some millions of 
years pass: the radioacUvity becomes quiescent, all the phenomena 
are rcvei'scd; the sea recedes; it is a retrogression^ a vertical negative 
movoment. At wi]{ we shall thu? make marine transgressions and 
retrogressions, constant or intermittent, and we sliall give thorn any 
extent tJiat we wi^b; we could as well nnikc them universal. In this 
way we shall account for the vertical oscillatory movements. 

To explain the tangential movement and the possible drifting of 
tho continenta, Jnly Invokes the tides. In the periods “of revolu¬ 
tion/' as ho calls tliem^ when the basaltic envelope is become molten 
and very liquid^ very mobile^ nearly to tlie surface, this liquid, 
mobile and yet very heavj'^ undergoes, from the attraction of the 
Hun and the moon, very strong tidal movements, muc-b stronger, in* 
deed, than those of the see, tides which tend to retard the speed of 
rotation iibcnt the axis of the siiperlieial terrestrial zones. Tills re¬ 
tardation, winch decreiiscs quickly in depth on account of tlie In¬ 
creasing viscosity—another hypothesis—-is very marked in the parts 
of the liquid pyrofiphero which ore iuimedlately beneath the bot¬ 
tom of die ocearis; naturally so much tlie more mtirked the nearer 
the Equator* Thus originates the tangential force, proceeding 
from cast to wc5t, in a ^ense inverse to tho rotation, the tangential 
force of the molten magma on the submerged parts of the continen¬ 
tal masses* Tlius originates tlie drifting of the continents, and, aa 
tbe continents are very fmgile—another hypothmss—they break and 
fold eaeUy and m thia manner the luountain chains are fonned. To 
tho^ who would object that the theory thus presented explains 
neither tlie transverse dm ins parallel to tlie Equator, os the Alps 
and the Himalayas, nor the chains near the poles, 1 Imaglnje that 
July would respond that the poles in the course of time have changed 
places in relation to the great continental messes, and that the 
Tethys, on w hoi^e site to-day the liimatnyas and the jU ps run parallel 
to the Equator, was fierlmps formerly an ocean extending from north 
to south, as our Atlantic. The speaker would answer that the chains 
which actually extended along the shores of tlie Pacific were very 
nearly of the same age as the Alpine chain and the Himalayas, and 
that tlie difficulty of explaining the simultaneous origin of all the 
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chili ns still existed. I do not know what eToly would reply. I know 
only that be would answ’er and that the discussion would he endless, 
®'Dieu a livr^ le moiido nus disputes des homnies,” (God has de¬ 
livered the world to tlio disputes of men.) 

For my part^ that wliieh keeps me from accepting We^ner^s 
theory and fit>m admitting the great mobility^ the total mobility of 
the continents, is that I believe peimancnco to be a fact, f»crma- 
nence on the face of on earth ince^ajitly changings of ^ome pro¬ 
found obaracteristie features^ always recognizable for hundreds of 
millions of years, at least since the beginning of the Silurian period. 
These features are: Firsts the existence of a very special Pacific do¬ 
main around w'hich extends a zone er^ually very special, that I call 
the zone Circmnpacific; and, in the ^cond place, the existence of a 
tzansverse domain forming a half girdlo of the earth, uniting at its 
two extremities the transverse domain to the Circumpacific, a do¬ 
main for a long time occupied by the sea—w Idch was the Tetliys— 
but to-day occupied by two immense chains of mountains of very 
dilferent ages, nevertlideas very nearly pamllcl and even, some¬ 
times superimposed over large areas. Yes, as far as 1 look into the 
past I see these two featuns, permanent Or nearly permanent. This 
large half girdle, sometimes marine, sometimes folded and mourn 
tainous, and what magnificent niountainst extending from the An¬ 
tilles to the islands of tiie Malay Archipelago, and, coinpletlng the 
half girdle with » high and large buckle, which puts the finishing 
touch to the endrcling of tlie earth, this Circumpacific zone made 
of the combination of the jiixiapodtion of long, uplifted folds 
which are the mountaijLs and of the long, depressed folds wluch 
are the submarine viUloyB, thb aone perpetually mobile, where volca¬ 
noes contmually become aeti^e or quiescent, and which to-day under¬ 
lines this volcanic belt, the belt of fire of the Pacific, I sec on the face 
of the earth many changca, some deformations, but I am struck less 
by the mobility than by the permanence. It seems to me^—oh! I 
know that I may be mistaken—but it seems to me evident and cer¬ 
tain that the Pacific has always hcGti in the same place and that 
only its borders, its depths, and the number and on time of it^ islands 
have varied, and I hold also as almost evident, and almost certain, 
that* if the trensnurw half girdle is very greatly reduced in 0$ 
width, perhaps one-half, perliaps two-thirds, by the drawing to¬ 
gether of the continents which it separates, it has not varied much 
in its length. It is that indeed, more than this or tlmt improbahllLiy 
of the explanations of Wegener, or tins or that flat denial given by 
geolopica! observation to Uie former pretended welding of the two 
continental borders which face ^h other; it is that which makes 
me dilfer from the German theory, in spite of its undeniable charm 
and its real beauty. 
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'‘And vet it does move,*’ responded Galileo to the philosophctTs of 
his timoj Tvho declnrcd it impossible that the eartli turned; and sjtill 
it turns. I imajiine tlmt sueh is the last response of Wegener to ob¬ 
jections and to criticisms. What matters—is not to knoAv how and 
why the continents drift—one will probably never know that—it is 
to know whether they have di’lftcd greatly in the pnst^ Avliether they 
are still drifting at the present time, nndt consequently* whether we 
can predict that they Avill drift again lo-morrow* 

t)f their great drifting in the past^ further than the shifting of 
the continental masses which it is necessary to admit in order to 
explain the formation of the folded zones, that is to say, the mountain 
ohfiins, wc are not at all certain. TliLs absolutely necessary' displace¬ 
ment is to the extent of many hundreds of kilometers or perhaps a 
Lhousand for a given chain; for all the chains of central Asia ex* 
tending over hundreds of millionis of years, it might on the whole 
amount to 3,000, perhaps 4,000, kilometers- Beyond that one knows 
nothing* 

It is nndouhtcdly fascinating to group all the continents of the 
Carboniferous epo^^ in order to separate them afterwards; it ia 
undoubtedly enticing to consider the chains of islands es a train of 
stragglers behind the advancing continents, but it is not necessary. 
These are sSmply convenient hypotheses. No one is claiming that 
to-morrow others more convenient still will not be found. On the 
other hand, there is great objection to estensive mobility* The great 
objection is permanence; long pernAaneuce on the surface of the 
earth, of the two features of which I have sq>oken, the Cirtumpacific 
zone and the transverse zone, parallel to the Equator, and cutting in 
two ihe hemisphere opposite the Pacific domain. 

Of the present drifting, supposing it exiEsts, we will soon be ad¬ 
vised by the near resumption of the tneosutes of longitude with a pre¬ 
cision heretofore unknown. You know that radiotelegraph already 
permits, or soon will permit, the giving nt a certain moment the 
hour from a starting pointy such as Paris, to all the great observa¬ 
tories of the world* One will deduce from it. within a small number 
of meters, the longitude of any point whatever from one of Ihc^e 
observations in a comparison with the zero meridian. After some 
years, perhaps, one will thus know whether America is getting farther 
away from u&, as Wegener thinks; whether it is fixed in relation to 
us; or whet{i,er the distance between us is diminishing, as 1 Avould 
be tempted personally to think, for reasons which it would be too 
long to here explain and which pertain to the role of the geosyn- 
dine that I oscrilje to the Atlantic* But it is to be feared that 
the relative movement, if it exists, may bo an extrotudy sIoat one, and 
that a century may be necessary to surely establish its existence. We 
shall then be condemned to die without knowing whether the At- 
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luntic is a^^vnnclng or receding, nnd on tliat account many of iifi 
M ill find dilGculty m consoling ourselves- 

Tis4« before 1 have had the very gi^t honor of speaking here. 
The first time in 1912, when I spoke of Ailaotb. I clLscusscd the 
dbupi^ennmce of Atliuitis, its sinking into the abyss, at a very recent 
period^ so recent, fis Pluto tdla us^ that perhapa man was present at 
the cataclysm and suffered from it, Tlie second time was in 1920; 
1 spoke then of the history of the oceatia through the ages, the suc¬ 
cessive formation of the Indian Ocean and the Atlantic by shriakage 
and, by contrast, the long pei^istence of the Pacihe domain to the 
state of special domain, perpetually agitated. 

Tlio theory of ’Wegener has not greatly changed my ideas on 
oceanic history, and I indeed believe I should speak to-day of Atlan¬ 
tis, of the Indian Ocean, and of tJie Pacific aa I spoke of them in 
1912 and 1920, The theory of Wegener is to me a beautiful dream, 
the dream of a great poet. One tries to embrace it, and finds that 
he has in his arms hut a little vapor or smoke; it is at the same time 
both alluring and intangible. 

But in all reality we can not conclude, we can not say, that there 
IS really nothing in Wegeners theory; neither can we- affirm that it 
does not contain some truth- Our knowledge is very limited^ It is 
always ni^ssary to close a lecture on geology in humility. On the 
ship earth wliicli bears us into iiumensitj' toward an end which God 
alone knows, we are steerage passengers. We are emigrants who 
kno^v only their own misfortune. The least ignorant among us, the 
most daring, the most restless, a$k ourselves questions; we demand 
when the voyage of humanity began, Iiow long it will last, how the 
ship goes, why do its decks and hull vibrate, why do souncls some- 
I imes come up from tlie hold and go out by tlie liatchway; we nsk 
whnt secrets do the depths of the strange vessel <s)nccal and we 
suffer from never knowing the Host of us content ourselves 

with living, awaiting each day the morrow, which we hope will be 
better. 

You and 1 aro of the group of and daring ones who would 

like to know and who are never satisfied with any response. We 
hold ourscUi^ together on the prow of the ship, attentive to all the 
indications which come from the mysterious intorior, or the monot- 
finous sea. or tho still more monDtouoiis sky* Wo console each other 
IpV speaking of the shore toward whieli wc devoutly believe we sail, 
where we shall indeed arrive, where we almll go aihoro to-morrow, 
liorhaps. ITiis ehorc not one of us has ever seen, but nil would rccog- 
nixo it without hesitation were it to appear on the horizon. For 
It is tho shore of tlie country of our dreams, where the air is ^ puro 
tiicre is no deaths the couutty' of all our desires, and its name U 
“ Truth,-' 
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I 

In the following pngies I have endeavored to give an interpretation, 
not only of the appeanmee of ice agea^ but also of tlie greater ebangea 
of climate registered in the geological record* In view of the 
portonce ascribed in this discussion to hypsometric conditions and 
land fomih% I have named tfic theory the relief hypothesis/ 

IGndred ez^planations have been put forward before, Lyeli would 
find die causes of the great alternations of climate during post ages 
in the ooatinuouE changes of tlie dfstribution of land and sea which 
had been going on all through the geologic ages. J* G. Charpontjcr, 
in the first half of the nineteenth century, supposed that Uie glacia¬ 
tion of the Alps and other tracts bad been greater fortuerly because 
these were much more elevated. Since then various hypotheses of 
coni mental elevation imve been set forth as solution of the. climate 
problem in geology. It is easy to dLsco%'er the weak points in the^ 
suggestions and to under^atid why they have not been found appli' 
cable* But there is one strong point in all of them. They have looked 
for the causes of the geologic changcfi of climate in geographic 
changes which the earth may have undergone. The relief hypothaais 
follows the> same lines. 

This theory does not explain why ancient glacial formation^, 
such as the Permian, are now found far from the poiea^ often near 
the Equator, In order to understand Uib and other very anomalous 
situations of climatic Kones of the paot, one can hardly avoid postu¬ 
lating migrations of the poles or the continents. 

The question to be answered here is t 

Why have some geological periods been characterized by glaciation 
and Tarious other signs of cooler climate, %vhile the earth in other 
periods w'os favored with very warm climates which extended tlieir 
influence apparently to all parts of the globe? 

1 Eb^firlnteC by frAtn Tb# Opnln^-nl Aprit, 1S^4. 

* WtlfafcUn BADuy, Die ttclltftiypDlhew^ nir ErkUtranp der E£UEDBKtiwi.Tikiai3|^(?|] f' 
F«teLrmuiiLB MittfUansm. imi. 
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The very question arises from our knowledge that geologiciLl 
evolution has not been uniform. On the contraiy'^ bb is crommonly 
understood and admitted^ orogonjf vokanism, degradatiorii and 
aggradation, and all other constructive and destructive proces5Be$ 
show great differences in their intensity from peri(>d to period, and 
these variations are cyclic ^nd rhythmic. The measure of the 
rhi'thiu is indicated by the formation of the mountain chains. 

Since the beginning of the Cambrian period^ the evolution of the 
eartii has passed through three geologic cycles of higher order and 
commenced a fourth. The transition from one to anotlier is marked 
by the unconformities which in the stratigraphical series follow the 
Caledonirtn,. Hcrcyuituis and Alpine diastrophism. The great cycles 
are: 
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The 6i^t part of each ^cie comprises an anorogenio phase of 
long duration. The cycles enter then in a first orogenic phase, a 
forerunner of tho main mountain-making movements. After this, 
relatively anorogenic periods follow in the second part of each cycle. 
From this point, however, disturbances become more frequent, and 
at the end of the cycle, the main mountain folding takes place, to 
continue here and tliere, with decreasing strengtli, in the beginning 
of the following cycle. 

The above tidmlation in cycles of tlic geological periods is in 
no manner meant to assert that these were of equal dumtion, nor 
Chat tlie corresponding phases from different cycles represent quite 
similar stjigea in geologicid evolution. It is of course possible to 
dispose the periods in cycles in iiiany other ways. But however we 
arrange them, wo shall find that the rhythm of orogeny has regulated 
the general course of tlie histoiy of the earth. 

Thus v'olcanic activity has alwiiya l^o not only geographically 
combined with the zones of folding and faulting, but also chrono¬ 
logically connected with the forinatioa of mountain chaiiia, being 
strongLVst during, and imiuediately after, orogenic times, feeblest 
in anorogciiic periods 

The great transgressions and nsgressiona of the sea follow the 
same rhythm- In the periods of orogeny and immediately after, 
there is considerable general regressiom The land areas were e:^- 
tensive then^ as they are at present* The greatest tranagressions. 
again^ appeared in the anorogjenic intervals. 
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The relief of the oOJitinenta lias n}m changed m accord Ttilh tlie 
orogenic rhytlmij d fact of spec ialinteF(^ for the theory put forwanl 
in thii pnper* 

The mountain folding^ and dl events in connection with it^ 
brought the various parts of the eartli's crust into positions winch 
no longer corresponded to the previously existing Ssostasy. In con- 
si-quence of this, there was again a tendency to new isostasyj re¬ 
sulting in elevations here and depressions there- ^Fheso displace- 
uient^ were greatest after the diastrophimn at the end of each cycle^ 
while features hitherto prevailing in the aspect of the continental 
blodis were replaced by new ones. 

Tho great disturbiuices eocrmoiisly changed the relief of the 
foregoing period. TliuSj at the beginning of a new cycle, not only 
were the lend areas greater than at other times^ they were also 
more elevated, and it was then that the loftiest mountains rose on 
iho continents- Then^ too, the 6C!;i had its greatest depth. For 
only so could it, in spite of its reduced area, contain the same 
masses of water. 

The Quaternary period and the Recent time belong to foch an 
era of high continents and deep oceans. The mountains, onlv 
formed in the later part of tlie Tertiary period, are stdl lofty^ and 
in all coDtinenta there are old peneplains in which a young erosion 
baa carved new vallej-s. This phenomenon is so common that all 
examples of typical peneplaiiis referred to in literature am pro- 
Quaternary ones. 'This signifies, first, that befom tho crustal 
movement by which the different portions of the continents came 
in their present level, the land mosses had been in a state of relative 
repose for so long a time that they were eomplctoly degraded, and 
secondly, that the altitude of most parts of tlie continents ia at 
present greater tJian in tlie pro-Quaternary time. Indeed, we find 
undisturbed Tertiary marine deposits at high levels, and the most 
elevated of them belong to the oldest Tertiary beds, while younger 
occur fit lower levels. Even Pliocene deposits lie at many places 
high above the beaches of both recent and Quaternary seas. 

It is not Li^onishing that the elevation of the continents, with 
their highlands and mountains, reached its greatest altitude in 
Quaternary time. We may call to mind tliat tangential movementa 
were atlll going on during this period in many mountains, and 
many remarkable fan!tings are equally young. Further, the now 
existing valleya were foraied in Pliocene and at the beginning of 
Pleistocene time, aa is well known and often emphasizecL It ia 
very probable, as Nansen^ suggests^ that in consequence of this 
erosion the mountain^ridges may have been rois^ by Jsoetfitical 
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Iipheavnl to levels higher above the sea tlian those at Tvhich the 
summits of the monDtoids stood before the erosion began, 

Thera is Ihos good evidence that tlie relief of the continents 
graduall^v grew higher and more uneven in tlie course of the Pliocene 
and Pleistocene ages, and that the elevation of the mountains over 
the vnlleya, of the highlands over tlie lowlands, and of the con¬ 
tinents over the sea, reached its maximum in the beginning of the 
Quaterna ry period, whereafter it has rath er di miniahed. By analogy, 
we have the right to assume ttiat the continents also liad their 
higliest nnd most mountainoim reliefs nt the beginning of the elder, 
i. o, of the Gflictlonion, Ilereynian, and Alpinian cycl^ Like¬ 
wise, the relief must, in higher or lower degree, have been elevated 
and mountainous at the oxogenic phnses within tlie cycles, though 
not Eo high as after the three chief ages of diostrophism. 

Dll ring the long anorogenic phases of the cj'cleg, the mountains 
and hills were broken down and the continents finally peneplainctl. 

'Fhe changes of relief sliow themselves also in the nature of the 
sediments. Conglomerates, sandstones, gvits, and other coarse 
clastic rocks prevail in the systems deposited during and after the 
erogenic phases, Tliey testify to the activity of rnnning water 
with strong power of erosion and transport; that is, that tlie ground 
was high and sloped considerably. In the systems from the end of 
the anorogenie phases, again, muddy deposits and limestones are 
predominant. Tho rivers did not bring coatse material down to Uie 
sea, in many cases not even finest mud, since Uio land was low and 
plain. 

The above suggestions concerning relief in the past and present 
may be briefly sninmed up. 

CTeotogica] events have not proceeded uniformly, hut cyclically. 
There were not at all ages lofty mountains and highlands in some 
regions, with plain lowlands, or even lower mountain districts, in 
others, as it is the case nowadays. For the formal ion and destruc- 
tion nf mountains lias not during all time outbalanced each other. 
In eoinc periods the former. In others the latter, process was 
prevailing. Only after tlie otogenic phases was the relief comparablo 
to that of the present day, or still higher and more broken. For 
such a condition I will use the term oroeraUc. During anorogenic 
periotls, again, the cotitincnts become more or less pcncplained. I 
coll sndi a condition jvdtoenrtic. Of course, there are gradual 
transitions betwron these two kinds of relief. 

The changes of dimate can also he fitted into the frame of the 

geol<jgicaI cycles. 

lo some ages In tha history of the earth ice caps have covered 
vast aiToSy just as in ircent times. I huve named aucli periods 
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miothermic or less wfirm.* This term mny also be used to designate 
the less-warm climate and the corrce|KindiDg deposits. In meet 
geological ^eIchis, however, wo do not find any traces of glacial 
formations, or other phenomena evidencing a cold climate. There 
is rather every indication of fnvonible conditions for animals and 
plants ever all the earth. For the corresponding periods and con¬ 
ditions, 1 have proposed the name pliothf-rmic or more warm. We 
are now living in a miothermic period. It includes not only the 
Quaternary ice age, but also the interglacial nnd postgluciBl ages. 
For during them all, ice caps and glaciers existed. An ice ago 
signifies aggravated niiofhcnnic conditions. 

Which periods were miothermic. which pliothermicl 
Traces of glaciation in the shape of tillite are found in pre- 
Cambrian formations. We know them, further, from tlie base of 
I he Faleozoic scries, and in tlie Eoderonian, Permian, perhaps in 
the oldest Cretaceous, and finally the Quaternary. Tliey are formed 
in periods immediately after tho great erogenic events, when the 
relief was orocratic. All other [jeriods are pliothemiic, and the 
obvious warmest coincide a Uh the phases of least dlsturbanco of tite 
earth’s crust and the greatest general tmnsgressiona, when the con¬ 
tinents had the most pediocratic relief. Between orogeny and 
climate, tliera is an evident connection which 1 pointed out some 
years ago (1010). (“ Orogeneda nnd Klima ” cited above.) 

Dacqu^, who has elaborated this theme in still greater detail, has 
in his instructive treatise on paleogeography* illustratod graphically 
the chanps of climate from the Cambrian time to the present day 
and the intensity of the orogenesy during the same space of time. 
Those interested will sec in the diagrams in the work cited (pp. 
J32 and 449) a striking parallelism between these two curves. 

How may the apparent relation between the formation of moun¬ 
tains and the deterioration of climate be interpreted 1 
ft is hardly possible to explain it by astronomical tlieories con- 
ceraing the ice ages, unless one supposes that the plication of moun¬ 
tain ch&ios dcpentls ujwn those aatrunoraic cousteUationa which have 
been thought to cause decline of heat on the earth’s surface. 

The hypotheses which find the couse of tho ice ages in a protracted 
decrease of radiation from the auu, help ua no more, for it is not 
probable that orogeny on the earth is produced by such a change 
in the sun. 

It tlius remains to look for the answer to the above question in cir¬ 
cumstances connected with orogeny which have the effect thot the 
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earth is less heated by the radiatLon from the sun than if moiintain- 
making had net happened- 

The CJirbonie aeid hypothesis (Arrhenius) Kill here come under 
considenitiDn. But an examination will show that no such diminu¬ 
tion in the supply of carbonic acid as the theory roijuircs to explain 
the severer climat'e—i+ e+j lessening of volcanic activity^—happened 
in tlie tniotliermic ages. On the contrary^ vokanism was most power¬ 
ful during the erogenic phases and itoinediately after tlvcmj while 
againt it was least active duriug tlie anorogenic and pliothcmiic 
periods, Thus^ even for these reasons alone the carbonic acid 
theory is not applicablCi 

The simpleEt and most probable interpretation of iho connection 
Itctween orogeny and climate lies herein, that tho orocratic relief 
which the continents had after an orogenic phase^ infiuenced the 
climate in such a niunner as to establi^ miotliermio conditions. 
Wien, again^ the continents were pediocratic, as in anorogenic times, 
the climate became pliothermic. 

It is well known that a climate is modified by the relief and the 
elevation of a region, and that with increasing ^titude it gradually 
becomes cooler and even glaciaL Further, moujitaina and high¬ 
lands exercise a great effect as conden^rs of precipitation, as bound¬ 
aries of climate, etc. But meteorologists and geologists reflect less 
often that the relief of the continents inOuences not only the locaJ 
or regional dimaie, but the whole economy of the calories which the 
Bun supplies. In the paper cited, “Orogenesis imd Klima,” I have 
endeavored to show tliat the influence of relief on the dimaie can 
be reitiarked in the following circlimidanoes. 

The more the radiation from the earth can be retarded, the 
more the temperature ris^ In this storing of heat the atmcisphere 
plays the chief part hy its selective ahsoqition, the effect of which 
has been compared with that of the gla^ on the hotbed. It yields 
the most favorable result on extcnfiive lowlands, and if all continent.^ 
were pediocratic, as supposed for pliothermic perkrils, they woukl 
profit by the suti's heat at the highest temt>eratnre. But this so-ttK 
say ideal thermical state is disturbed by an orocratic I'cllef. The 
air mantle upon the mountains and highlands is thinner and le^ 
dense than the atmosphere over the lowdimds. In eonsetjuence, 
insolation certainly is greater, but the loas of heat by radiation into 
space has increased in a much higher degree, llorcover, as in all 
mountain itTgions the rising of warm and sinking of cold air are en- 
hnnoe<l by the greater insolation and radiation, the loss will tliiia 
be accelerated. In the above comparison with the giants on the hot¬ 
bed, the lofty parts of the continents ean be regarded as holes in 
tho glassL They not only chill the place Just beneath them, but more 
or le^ the whole hotbed. 
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3. The oroci'fltic relief nnfjinents the loss of iiciit still further by 
its influence on the circukitioit of air ulong the surfac^f the earth. 
Tlie air currentB, piissinfr oret mout^inB, higli coasts, anil^^lier 
elevations in their \raj, are compelled to rise, and at the hijThe^fj^f 
tion their Ickss of lieat by radiation is greater than if they Iind flowed 
ftt a loa’cr level. When descending on the other side of the Iteights 
tlicy hold less heat than wlien they rose, even if one takes into con¬ 
sideration the dynamic heating of falling winds, 

3. On tlieir way up-ldll, tlie air ctirrents, get tlieir temperature 
lowered and a great part of their vapor condensed. In consequence, 
rain and snow fall more frequently and abundantly when the relief 
is orocrstic than they must do in periods when the relief ie pedio- 
cratic- With the increased precipitation the temperature also is 
loweix^tl. I'or tlio calories which the condensation sets free are but 
a comijensation for the dixiamic cooling of tlie air, and for the loss 
by radiation into space, and the fallen rain and snow, having 
normally a lower temperature than the air near the ground, demand 
great quantities of calories for their heating and evaporation. 

If, again, the relief is pediocrattc, the circulation of the winds 
would ho more regular, and the pneeipitatlon diminished, at least at 
higher latitudes, and accordingly the loss of lieat less. Besides, the 
air holds more vapor and has a greater capacity to retard the radiu- 
tion into space, 

4. The principal importance of the orocratic relief in producing 
a miotiienaic state is, however, that the lofty parts of the land 
reach up into colder layers of the atmosphere, where they will be 
covered wdth pcreimial anow and toe. The more numerous, the 
higher and vaiiteF the elevated tracts are, the more extensive the 
glaciated areas of the continents. And all the circumstances 
enumerated above which follow with orocratic relief, cooperate to 
lower the snow line and tlius to widen there areas. 

The iie caps, when once formed, and the annual snow helds of 
longer or shorter duration, have furthered the evolution of the mio- 
thermic climate. Insolation, reflection, and radiation take place on 
Know fields in such a way that the heat from the sun is only used 
to a slight degree for raising the temperature. Great masses of 
snow remain unmelted. The melting of the rest consumes a large 
part of the heat of tlie warm season, not only the direct isolation, 
but in addition a considerable supply from the environs. Tims, the 
pnow fields and ice caps cause a lowering of the temperature outsi<ie 
their Imundaries, and the cold water from them runs far bevond the 
ends of the glaciere and deprives tlie neighborhood of heat. 

5. More than other glacial regions, lands at high latitude* are 
responsible for the cstablisliment of pronounced miolhermic con¬ 
ditions, If there only exist high enough islands and continents. 
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ice caps will appear, extend their glaciers down to the sea, and send 
out their armadas of icebergs. To molt them enormous qualiititios 
of the heat reserve of the sea Avill be consumed. Cold water foring 
oxtensivG superticia! layers, and gradually lilb the depth of the 
ocean right to the Equator. 

C. The greater the ice caps grow% the more ice Is bound in them 
which otherwiiie would run as water back to the sea. Consequently^ 
its surface falls. Tylor* drew attenlion to this as early as the year 
Ib6S| and sinco then it has been discussed by many scientiMa. Nan¬ 
sen^ has laiety treated the question in detail. According to him, 
the surface of the sen would rise 1 meter^ if the now existing 
glaciated areas were melted to an average depth of 24 m>, and at the 
maximum of the Quaternary glaciation (altogether 50 million km," 
average thickne^ 1,000 m.), the land ice contained so much water 
that the aea may have been at least nn shallower than it is to-day. 
Nansen Ims made in hb calculations very moderate assumptions of 
the esttension and thickness of tJie ice caps. Ebuble the supposed 
thickness and more do^ not scorn to be improbable. Aa we see, there 
must have been conaiderablo change^ of tlie sea level by this eause, 
and it is obvious^ that with such a sinking of the sea, the snow line 
and the glaciers also must have moved downwards 

Thua, miothermic conditions and ice ages are established as a con- 
scc[iience of orocratic relief. 

If wo now imagine the relief pediocratic, we shall find not only 
that the coDditions producing glaciation and miothermic climate no 
longer exist, but also that tlio climate must have been pliothermie, 
much warmer than at present. 

Even in the Arctic regions, the snow line lies at cDDsiderable 
heights above the sea levoL This was tlie original condition also 
on the Antarctic continent, where the now existing snow line at the 
Boa level has resulted from the active cooling effect of the huge gla¬ 
ciated land and the passivity of the cooled sea. Tliis proves that, 
when the continents are penoplaincd, as assumed, they in ao place 
reach up to so high a level that percanial snow could be formed an<l 
ico cape cover them. The disadvantageous effect which glaciation 
has on the clLmate^ fails. Heat is not taken from the ainioephere to 
melt icoi, nor from the hydrosphere, for there are no longer any ice¬ 
bergs in the sea. Cold water does not extend over the surface of the 
sea at high latitudes, and the cold water in the depllis receives no 
addition, but the oceans are gradually heated to ever greater depth, 
and tjie surface layer of warm water grows thicker and warmer. 
Tho sea currents and winds bring more heat from the low latitudes to 
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the polar regions^ ’where the heated sea remams unfrosien and the 
climate becomes genial. If we further conaider the regular circula¬ 
tion of the disturbed by no mountains or elevations, and the 

augmented selective absorption of the atmosphere, we shall under* * 
stand tlie conditions which led to the pliothermic climates, of which 
the fossils and sediments give evidence. 

We need not look for any other cans* of the great changes of 
climate during past periods or of the ice ages, than the ehungea of 
relief which the continents liave undergone. 

TI 


it La nho generally admitted that a mountainous relief ia an essen¬ 
tial condition of glaciation. But against the a^ssumption iliat oro- 
cratic relief is the cause of ice ages, it has been argued that the relief 
hos not -diiftcd during the Qiiatornarj' period in a manner corre¬ 
sponding to the great differences in the climate of the ice age and 
recent times and of the repeated glacial ages and interglacial ages. 
And consequently, aJ change of relief can not be the cause of the 
Qua tern nrj' alternations of cUmateij the actual cause of tliem, ’when 
once found, may also prove to include a better c^tplanation of the 
greater climatic changes than the relief hypothesrlg. This objection 
does not destroy the theory* 

For, if a miotherxnic climate is established—owing to an orocratic 
relief, as I tliink, or to other causca—it will for a long timo oscillate 
between severer and milder conditions before a certain equillbHum 
is reached, Paschinger * hag recently tried to show that the influence 
exercised by glacktion itself upon the level of “ the sjoiie of maximal 
precipitation and on its own growth and decay, brings with it cyclic 
variations great enough to lend to glacinl and interglacial stages. 
Certainly those meleoroiogic factors help to enhance and diminisli 
glaciation, but it seerns that the repeated accumulation and dissolu¬ 
tion of the ice caps ia due to allernating elevations and depressions 
of tlie glaciated regions. 

This was suggested by Uphain,* referring to Jamieson^s assump¬ 
tions that the i-egions had sunk under the load of the ice caps and 
been raised by the removal of this load. Meanwhile, he combined 
with his theory feotui^ from the astronomic explanations of the 
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ice and^ further, thought tlmt subsidenee of oub cauped 

uplift of other portions of the earths crii^; so that glacial condi- 
tionfl mny have prevailed alternately in the Xorthem and South¬ 
ern Hemiapberes or in North Anierioa and EuropCi But there 
am weighty reasons enough for assuming a BiToultaneous appearance, 
not only of the glaciations on the Nortliem and Southern Hoinis- 
phcrcs. hut also of the snccesive Quaternary ioe ages in different 
quartets of the world. 

The supposition that the dissolntioTi of the iee caps resulted from 
the depression of tlie regions under the load of the ioe, lias, however, 
been considered fallacious.^* The depression being, namely, nt 
iap^tatic equilibrium only about one-tliird of the thickness of the 
ice^ the surface of an Jee-covered region is always more elevated than 
the region was before its glaciation. Consequently, the ioe cap does 
not disappear. Such a reasoning b right, if one has in view only 
the isostatio depression. But here csome the changes of sea lovcL 
too, as we sliall see. 

At the beginning of Uie Quatemary period the continents had 
orocratic relief, as at the l>eginning of the earlier iniothermic ag^. 
Their higher parts bocamo glaciated, the icc caps grew bigger, as 
described above, the sea was chilled, and die cJimaLc deteriorated. 
Enormous quantities of water being con dried iii the land ice, the sea 
JeveL and with it tlie snowline, sank. The ice fields grew still larger, 
until they extended to so low levels or latitudes that the heat of the 
summer stopped them at a certain maximum. However, an equilib¬ 
rium between glaciation and mdliiig did not yet coiue about. For 
as tlio ko caps got bigger and thicker, they loaded more and more 
the areas occupied by tlLein. Tlie crust of the earth gave way and 
began to sink, but not in the same proportion m tlie ice load in¬ 
creased. Tlie depression certainly reached its greatest depth only 
after, and long after, the maximum of glaciation, just as in the 
contrary ease, the upheaval of Fenno-Scandia and other formerly 
glaciated regions has continued long after their release from the 
weight of tile ice, and slLll continues. 

As the depression proceeded j the lea-covered regions came gradu¬ 
ally into lower positions in relation to the levels of the anow and 
glacier lines for maximum glaciation. The ablation now gamed 
upon the ad vane t of the glaciers; the ioa masses began to diminish. 
The addition of water to the sea raised its level, and thua also the 
5 UOW line. This accelerated the melting of the icc:, the sea level rose 
steadily, and so on. The more the sea level rose, the better the warm 
sea turrenta could pass over submarine thre&bolds and penetrate 
to higher latitudes. All this worked together to leescn glaciation 
and hastened the amelioration of the climate. 

»a, U. SaiSibdrr. E.utuHij nf u, Cbi«ao, pp, 
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Afcnnwhile, as the weifi^ht of the ice caps dimltiished to correspond 
to the depresaion of the ice-loaded area (i. e., as the average thick¬ 
ness of die ice was about throe the amount of the depression), 
the crustal sinking had reached its maximum and reversed in up- 
Jieavah But the dissolution of the icoj once begun, continued bo- 
eause the steady addition of water to the sea raised the $now line. 
In the race betwpon ihu upheaval and the riiiing of the sea level, the 
latter wuiL When delivered fiom ice* tile just glaciated regions 
were still deeply submerged.*** Further, the snow line may Imve 
risen more than the sea level in consequence of the ameUoratJOn of 
the climate by the decrease of the glaciation. The tnelting, the 
rising of the anciw line, and the general improvement of the climate 
proceeded rather in an acceleraied degree, on anEtlogy witli tlio case 
in Interglacial time in Femio-Scandia investigated by Dc Geer*^ and 
Sauramo.^* Finnlly an interglacial stage with re-Strictcfl glaciation 
and genial climate appeared. 

But the loftier portions of the regions were gradually raLsed anew 
above the snow lino aod glaciated. All th^ consequences of this 
pointed out in the foregoing pages led to a new general ice again 
followed by an interglacial stage, and so on. 

Above, tho isastatic rise of the sea floor by the abslraction of water 
from the ocean and tlie subsidence of ice-covered land is omitted, as 
also the reverse events. If considered, they should accent the sup¬ 
posed effect of crustal movements on growth and decline of the ice 
cai>s. 

The cause of these oscillations (fig. 1) bctiveon severer and milder 
miothennic climate is, then, that the land movements due to tJie 
increasing and decreasing of the ice caps have their maxima and 
minima at other points of time than the variations of the ice caps 
and of the sea level (snow line). In the course of time the ampli¬ 
tudes of the successive oscillations must decrease until a baJunce in 
the miothcrmic climate is attained; moderate glaciation with iso¬ 
static equilibrium between depression and ice load, cessation of 
upheaval or submergence of the formerly glaciated lands. IVe ara 
not yet at that point, I tlilnk, with Nansen/' that the last post¬ 
glacial transgression of the sea in Fenno-Scandia indicates the 
maximum of dis^lution of the ice caps and the highest position of 

^ Wllhtlifi OaDiiur ; ^On ru-fVrf'ti Cmstnl MuTemi>otA aehI V'nrl4itli;!qi of 

Thuinir Ulo I*to OiutermqfT Tlnw.'^ Bnllinih de CAHtii] Brian 
dir No. 6a> 11*2*, 

^Onunl *\\ OwfaffilWloft? of it\m tniit 12,0*0 ComoK« rwwlu dn 

Xf Cotiitr^ U«Ol4sfque EnCfriLAtloaKl^ StocktulinK laiO, Dp. ZII-S&3. “A TturaogTKpNl- 
nJ RceorU of Urn L«ttp OUntenurr CllJUalO^: [Ho dc* Ellmu Hit d« 3 i 

UoliniitD drr Eiflsalc CCoaereo l» 0 i. IfiCiMO-, IVIOL StocAlioMD, 1*10, Pfi. $0^1*. 

“ Mnt tl Baumm ^ a tadlfH Ihc Quaternqrj Vvrg OfidJWcAtB 111 SonttiPTB Fin- 

luid ”: BuIIoUd d€ In CaoinilHrion 00, HfUlo^fon, 1*3$. 

“ Loc. dtn, 2S6-SST. 



i!48 ANJTUAJ* REPORT SMTTH&OKlAy lySTTrOTJON, IfB* 

the se& kv€i. The cluDHte then wee most favorable and has alnce 
dcdined. 

In the diagrammatic preskitation of the alternation of glacial and 
interglacial stages, it is not to be supposed that this proceeds in just 
the same way in different regions. Their varying size and altitude 
mnhe it possible that their maxima and minima of glaciation or 
upheaval and sinking wdl not absolutely coincide, and the glaciation 
of different regions not be of equal duration. Further, their geo- 
graphical situation con in many ways alter the influence of cold or 
hot sea currents, winds, and other agencies. Notwithstanding, the 
changes of climate must on the whole c»rrespond in the different 
regions all over the globe, regulated as they are by the general chill¬ 
ing and healing of the oceans and by the general sinking and rising 
of the sea level. 



The tlieory here proposed contains a general thesis: TImt the al¬ 
ternating pliothermic and miothermic conditions depend upon 
changes between pedioemtte and orocratic relief, and a sjiocia] thesis 
that the succession of glacial and interglacial ages during a miother- 
mic period depends upon isostatic and eiistatie oscillations of level. 
The theory thus sees the causes of the different climates during past 
eras in different geographical circumstances. Attempts to solve the 
puzzling question from this point of view were made almost a hun¬ 
dred years ago and have never been abandoned. One by one the 
facts and ideas on which the above theory is founded have been put 
forward and with the increase of our fpological knowledge they have 
grown ever cleerer and more convincing. 1 believe, thetofor©, that 
the relief th«»ry will be approved os the true solution of the clirna- 
tologic problem in geology, though it may be only after discussion 
and iniprovenient- 
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^rho zoologicul garden idea is a very old owOt and its inception 
dates back beyond all written Mstory* It is certain that primitive 
man early began to binround biinself with captive beasts, some of 
wbicli bccatno the progenitors of our modern domestic anitimls. 
Collections of wild animals formed a conspicuous part in civil and 
religious life tUrotighout many of the early civilizations^ and the 
menagerie 1 both public and private^ developed into an institution of 
most remarkable proportions and importance. The ancient Egyp¬ 
tians kept great collections of Uving animals, including not only 
the native species but others brought from distant parts of the 
then known world. In the United States National Museum is a 
large case of thousands of bonesi, dating from about 2000 B. C., 
which were collected by Doctor Ilrdlicka from tombs in Egj'pt, 
This great lot of bones contains the remains of many species of wild 
animals, and the number of big bears is remarkable. The ancient 
rulers of Ifongolia and of China maintained deer parks and menag¬ 
eries; and the gi'eat interest of the Greeks and tlie Romans in. 
collections^ of living animals is well known. 

In the New World, numbers of native animals were early domesti¬ 
cated, and the Aztec kings kept well arranged i^Uections of wild 
beasts and birds for the instruction of their peoples. Tlie fii'St 
American buffalo seen by Eui'Oiwan eyes wevs confined in the me¬ 
nagerie of the last Aztec emperor of Mexico, Montcssuina ; tins was 
nine or ten years before tlie buffalo was discovered in a wild 
to the northward, and tlie captive animal had been brought not le® 
than four or five hundred miles to the j^teo zoo. 

There is always something fascinating about the capture, taming, 
and care of wild nnimul pets; and almost any one ho las, ^ a c ii , 

experienced these joys, appreciates, later in ^ 

Inm^nl Mih zooIogical garden ifi one of tliL most popular 

ridenced bv the great activity m its de- 


logical garden. That the zoDlogi<^*il 
of municipal enterprises is evi 
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volopraont in recent years tliroufThont; the ch'ill^d world, In Anier- 
iCH, particuiarly, the number of koos hm increased enormously of latei 
and requests for infornjation on development, cost, and care are 
coming in to the Smitlisonien Institution from cities, large and 
stimll, at & constantly increiising riUe. 

The nttcndanoe at the National Zoological Park now regiilarlv 
exceeds two million visitors annually, and in 1924 reached the record 
figuro of 2,442,SSO, The piirk \s’ns established by an act of Oongress 
approved April 30, 18&0, “ for the advancement of science and the 
instruction and recreation of the people,” and has been, from the first, 
iimler the direction of the Smitiisonian Institution, \viien the present 
site was occupied in 1891, a small collection of animals Uien kept 
near the Smithsonian Hiiilding and known ks the Division of Living 
Animals, United States National Museum, was moved to the new 
location. The National Zoological Park, like the National Galleiy 
of Art, is thus a diicct olTshoot of the Nntional Mtiseiim. At that 
time the only important zoological gardens in Ajocrica were in 
Philadelphia and Cincinnati; although some few other cities main- 
tiiined small city^paj'k menageries like the one still in Central Park. 
New York. 

The National Zoological Park was, at the time of its establish¬ 
ment, some distance from the main part of the city of Washington, 
but the rapid growth of the city to the northwest has entirely sur¬ 
rounded it, and now it is in the center of one of the best residential 
districts. Fortunately, its area of ITS acres, much of which is wood¬ 
ed land, gives siifHclent space and seclusion, and the city develop¬ 
ment has added to, rather than detracted from, the value of the site 
for zoological garden purposes. Kock Creek Park, later established, 
joins ^ National Zoolo^cal Park on tho north, 

\ isitors to the Zoological Park daily remark on the splendid col¬ 
lection of animals, the cleanly quarters, and the care and effort that 
iiuLst be taken to proTide such an interesting and varied collection 
of the mamtnab, birds, and reptiles of the world. Few realize, 
however, the magnitude of the task involved, the varied require¬ 
ments'of bird and beast, or tlic export services necessary for their 
health I comfort and caro. 

Tlio modem zoological garden is a very different affair from the 
old-time nifinagerie. New plans for the comfort and health of the 
animab, new methods for more satisfactory exhibition, new ar¬ 
rangements for the constantly increa.sing numbers of visitors, are 
all the time being considered, and each improvement is ea'^rly 

adopted as soon as its merits are proved and funds are available for 
its reaLis^ation. 

Animals arc ezpeasive, and many of the rarer species are not 
easily obtained at any price. The opportunities to secure any but 
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th. n,o.t com™. «rd cojistantly tap«rt.a f 

«cu™n«, ...a "Ct 

iMstiig Qocessary to long survival, and if the ig 

to bT shown regularly and for long periods the most expert t^re 
often neocssary to maintain in proper csondition the speoimsn 

'^Few ingenuity and ^urcefulni^ are 

regularly expended to make wild animals the healthy and contented 
S they usually become in captivity- The Individual animal, as 
well as tlie species, must be studied. Some do in ^ 

some best irsmallor cages. It is frequently found 
oarrots and other birds, pcrlmps reared from nestlings by m 
native woman, are extremely unhappy in large cages, refnae food, 
and would soon die unless prompUy returned to a small ca^- Then 
they are obviously very happy again and moat often live for many 
veure in perfect health and contentment, lin exreptionally fine 
puma in the National Zoological Park, most contented and tbr\% 
a small old-fashioned cage—one of the first cages ever built m the 
park end scarcely lar^r than a circus wagon cage^mply went 
to pieces” and refused to cat anything whatever when transferred 
to ft fine, large, airy, outdoor inclosurt. He was promptly returoed 
to his dingy old cage, greatly to his delight and benefit; in a ort 
time he was fat and sleek again. 

It was once advocated by a famous animal lover that wild animals 
in captivity eliould bo changed frequently to strange cages, where 
they could enjoy new surToundinga and a different view. All ex¬ 
perienced animal keepers know tJie fallacy of this argument. Ani¬ 
mals grow to feel safe and contenteil in familiar, even though 
refa-tricted, quarters; but are frequently greatly distressed and upset 
in strange surroundings or when any unusual activities are going on 
about them. If animals were frequently changed the lo® would be 
gi-eat, Contented animals in small quarters very often live far 
beyond the age usual to wild animals of tlia same kind. Few per^ns 
realize the home-loving character of wild animahs, and how limited 
the normal ranges of individuals are, unless the creatures are driven 
from place to place by predatory beasts and man, Every wild animal 
is continually searching for a “ safety zone,” and this is exactly what 
quarters in n well-conducted zoological park supply. 

the national COLtJICTIONS 


There are now nearly 1,700 animals in the collection of the Na¬ 
tional Zoological Park, Including mammals, birds, and reptiles. The 
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collation of matiiDiAjs is one of the finest in tho world, und is pur* 
(icularly notable for the large Dumber of rare species seldom seen 
in collections of living aiuomls. There arc dow 151 different spcciee 
of t)ears on exhibition, represented by 23 individuals, including a 
fine specimen of the glacier bear {Ur«u8 emjmnaU)^ tUo first of its 
kind e^-cr to reach a zoological park. Other carnivores in this notable 
collection include 12 species of wild dogs, the most unusual of 
which is the Sotith Aniericon bush dog {fctictfitn venatkm ); an 
aard-wolf {Pri>teht cristatus), a rare member of the hyena family 
from South Africa j and 14 species of the cat family, among llieni, 
in addition to the regular exhibitioa of lions, tigers, leopai'ds, etc.. 
examples of the cbeetah, or hunting leopard {Actnonux jithatui), 
snow leopard {Fdh vneia), and clouded Jcoi>ard (Neofelia nt- 
dvfojio}. 

'nie collection of monkeys now contains alroiit 30 species, among 
which may he mentioned such nirities as the gelnda baljoon 
{Theropilheais otscuma), 4 species of mangabejs, and the Moor 
macaque {Ctfn&fithecut mauru^), Tlicre aro 55 species of hoofed 
imimals, many of them represented by fine breeding herds. The 
reindeer, Alpine ibes, Rocky liroimtain goat, Kocky Mountain sheep, 
musk ox, black rhinoceros, Raird’s tapir, African and Sumatran 
elephants arc among the unusual s}>ecies shown. 

Among tho biidfl, tho waterfowl, cranes, birds of prey, and os¬ 
triches and their allies are especially well represented, and the col¬ 
lection contai us many rare ^-arieties. Tiie kiwi {Aptenjx mfintelli), 
Hawaiian goose {Ncsochcn tandvicsatiit)^ California condor {Gym- 
fiayyps caUfemianun), and kagu {Rhynocheias julfalut) mav be 
mentioned as of especial interest in this connection. There are now- 
on exliibition 190 parrots of 50 dlfierent species. 

The prixe exhibits in tho reptile department arc extra fine spec¬ 
imens of tho anaconda, some large pythons, ono of them 25 feet 
long, and 4 specimens of the virtually extinct giant tortoise of the 
Galapagos Islands. 

A unique exldbition is tlic North American Waterfowl Lake, 
wherein are shown only such species of ducks, geese, and swans as 
are known to occur in North America. This restriction to native 
species is tctt much appreciated by bird students and sportsmen, 
who are confiteed if exotic s|iecie3 arc mixed with native fonns. At 
presont this inclosure contains about 000 waterfowl of 35 different 
species. Tlie lake has lioen constructed and planted to resent 
one of the woodland imnds couimoit to parts of the eastern United 
States, and its natural appearance makes it differ greatly freni the 
highly artificial lakes usual to zoological gardens. Fresh water 
from Bock Creek is constantly flowing through it, and a dam in 


NATIONAL ZOOLOGICAL PASK -HOLUSTZB 253 

the creek beJow the Inlet to the lake assures an even level of fredi 
Water. 

The Xiitional Zoolojncal Park has always been particularly sue- 
tcssful in tlio breedingr nnd rearing of uninmls. In addition to large 
numbers of deer^ antolopcSt bisons, tTrmeb^T guanacoE, yaks, 

and other ruminants, many lions, tigei^, ptimas, and other great cats, 
bears, wolves, kangaroc^. ete., have been reared. Tapirs and hippo- 
potannises have been regularly reared also, and in recant years 
great success has been obtained in breeding siich unusual speoios as 
Hoeky Mountain sheep, mountain goats, and reindeer. 

Young animals are always of iutensa interest to visitors, and it ifi 
14 great satisfaction to the keepers to be able to show them. Noting, 
perhaps, speaks so highly for the condition of a ooUeotion of living 
animnk as regular success in rearing the young. Baby lions, tigers, 
bears, and monkeys always attract and hold the attention of great 
crowds of cnthusidatic visitors. 

One of the most remarkable instances of memory by a lower 
animal for a human friend that ever came within my personal 
observation had to do with a baby hippopotamus born in the park. 
The little fellow Iiad been u great favorite with bia keepers, who 
always called him “Buster"; and when, at nearly 2 years of age, 
he was exchanged to the St. IjOuis Zoological Society, Mr. W. H. 
Blackbume, the head keeper, accompanied him in a special express 
car on the journey. For a large part of the trip the car was attached 
next behind the loeoniotive tender, and the young hippo was nat¬ 
urally distressed and nervous. He was perfectly contented and 
rjujet, though, if ^fr, BUckbume sat at the head of the crate and 
olio wed him to suck bis fingers, and m a cojisenuence Mr. Black- 
hijrne s|icnt the better part of one whole night in this position with 
hia hand in the mouth of the baby hippo. 

On his arrival at the St. T^iiis Zoological Gardens tlie bippo was 
rechristened Steve," benime a general jict, and was known to 
every™e by his new name. Nearly two years later Mr. Black- 
bume and I were visiting the St. Louis zoo and came into the hippo 
hoiiaOi with a number of other people, just at feeding time. The 
young hippo, now very much grown, was eager for his food, whicb 
was then boing plB<!ed for him at one end of his large Indoor in- 
closure. Mr. Blackbitrne hailed the animal with his old-time “Hello, 
Buster I" just 09 he hud done hundreds of times in Washington two 
yeai's and ruorc before. The response from the hippo was insiitant; 
he turned at the sound of the old name, and after Mr. BJackburnc 
went hack of the guard rail and the hippo had fimeUed of his hands 
and received the old-time pats on his great Ups, absolutely identify¬ 
ing his old friend, he refuised, for the time, to pay any attention to 
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hia f(M<] or bia keeper. There was absolutely do toi staking bis 
actions ; be was at first startledi then puzsclcd, and then, as his mem¬ 
ory awakened, highly pleased. His recognition was positive. It 
was a most interesting and mstrudavc lesson in animal psychology, 
but bad I not actually witnessed the performance I am sure I should 
have been somewhat skeptical of a tale of such intelligence and 
memory on the part of a hippopotamus. Many interesting talcs 
of the affection of animals for their keepers could be told by those 
familiar with the zoo. 

Zoological garden men are always interested in longevity records 
and take pride in the number of years that oerUin animals have 
been kept in their ooliections, Tlie death rate at tho National 
Zoological Park has always been kept very low, and the records 
show some splendid accomplishments in keeping wild animals in 
perfect health for periods long above the average for their kind. 

At the present time there is living in the garden only a single 
animal that formed part of the original collection moved fi'om the 
Smithsonian Institution when the park was first occupied in IflOL 
This is a sulphur-crested cockatoo {Kakatee gdtrit^) which was 
presented to the Institution on AprQ 10, 1800, and has thus been 
in the collection for 35 years, Tiie bird was fully adult when re¬ 
ceived, and the few employees who remember it as it first came 
say that it is unchanged in appearance or vitality. Only seven 
other old residents of the park date back to the nineties, as follows: 
An American white pelican received from Yellowstone Nation^ 
Park in ISOT; a bald eagle received from Gen, Kelson A Miles in 
iSflfi; an Alaskan bald eagle received from Geo. R. A, Alger, Sec¬ 
retary of War, in 1808; two giant Galapagos Island tortoises re¬ 
ceived in 1808; ft brown pelican, 1800; and an anaconda, a gift from 
the Governor of the State of Par4, Brazil, received in 1800, 

Some other old-time residents still living in the park, with years 
of arrival, are: Yakutat bear and king vulture, 1000; polar bear 
and California condor, lOOl; yak, black stork, and two roseate cock¬ 
atoos, 1002; Kadiak bear, emu, European white pelican, two Cali¬ 
fornia condors, and sacred ibis, 1903; rhesus monkey, slotli bear, 
Somaliland ostrich, Australian crane, and European raven, 1004; 
Polar bear, crowned crane, and European white pelican, 1005; 
American bison, red deer, red-and-blue-and-j^ellow macaw, lesser 
vBsa parrot, and Indian white cnuie, 1006. There are numerous 
records of other animals still living in the park of which the man¬ 
agement is very proud. 

Certain North American animals have always been didcult to 
keep in zoological gardens; just why is not always exactly clear, as 
some of their exotic relatives arc frequently among the easiest of 
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species to nijiiiituiji. The Xational Zoolo^cal Park has some gcMxl 
records for cortAin of these species, induding one of a mule deer that 
lived in the collection for 13 years 10 months and 20 days - a Colum¬ 
bian black-tailed deer for 11 years 2 months and 22 days; a New¬ 
foundland caribou for 9 years Id months and I? days; and a prong¬ 
horn antelope for 5 years 4 months and 15 days. 

Some other interesting longevity *words in the files iucUido a 
harpy eagle (Th^asaelos fuirpyui)^ IT years 10 months 26 days; great 
black-backed gull (Zartts mflrinfLj ), 17 y ea re 4 months 22 days; 
Stcller'3 sen lion {Eumeiopiag juioda)^ 17 years 3 montlis; gray 
wolf {Cank nubSm), 10 years 3 montlis 5 days; northern wild cat 
(Zyna? uirtt^)^ 15 years 3 months 27 days; and a wandering tttso 
duck (D^ndroct/^fut arcuate) ^ 15 years 21 days, A female South 
American tapir lived in the park for 20 years and 10 days, dunog 
which time nine young were horn from her, seven of which wore 
successfully rei^red* 

W OERE THE ANIMALS COME FROM 

Many visitors take a collection of living animals for granted: 
they never seem to wonder where the specimens are obtained or how 
they reach the parkn Tliey are familiar with the zoological gardens 
in numerous cities, visit and enjoy them frequently^ have their 
fav^orites among the various animals, and take it all as a matter-of- 
fact provision for the enjoyment and education of themselves and 
their children. In converBatioo with s^ieh persons they frequently 
admit that they hava never wondered much about It, but suddenly 
become greatly interested* *^How do you get all these animals 
they at once w^ant to know. 

Wldle some living animals are received from all sorts of tino.T- 
pected sources, by far the greater niimljcr of those on exhibition come 
through regular channels—the importing dealersw A native lad in 
India, Africa, or South America captures a young animal and keeps 
it as a pet, just as many American country- boys do; eventually this 
animal ojid others find their way into the hands of trailers m some 
seaport; they arc bought by the agents of importerg or by indepen¬ 
dent Animal buyers and evcntuidly land in Kew York or San Fraii- 
cisoq in the establislunents of the dcalore, Large stores, warehouses. 
and “ farms” arc maintained by these dealers and somo lorig-cetab- 
lishcd firms are engaged in the animal business in various large sea¬ 
port citic^i of the world. New York and San Francisco dealers 
import the bulk of the anin^alH received in the American trade. Ani¬ 
mals are purchased by agents of tlie^ie firms in large or ^mall lots 
from smaller dealers or natives in all parts of the world, shipments 
are assembled, and* accompanied by expert keepers, are carried to 


256 


AJTKUAl, htrOHT SMl^Tli SO A" IAN INSTltUTlON, lft24 


the receiving port. From here they arc sc^ittered to retoil dealers, 
zoological gardens, private fanciei-Sp and £lio%va tlirougliout the coun¬ 
try* 

A large part of this timde consists of canary birds, parrots, and 
other popular cage birds and pets, but some veiy large shipments 
are ntadc up almost entirely of larger mammals, reptiles, and rare 
and tinusual birds. Some of tJie largest shipments received in the 
United States have been brought by traders who travel ahoiitt from 
country to coujitty, buying and selling siicli Trild atiiumls m they 
can secure* The eivpjtuL leijuired for such trading is large and the 
risks a lie great* Only a few of the most c^tpert and energetic of 
mm are able to carry on such a roving biisinesa successfully without 
the added regular trade in staple species enjoyed by the regularly 
established deubrs. 

Tlie National Zoological Park, ihrougli its parent organization, the 
Smitlisontan Institution, receives numerous animals as gifla to the 
United States Government from foreign governments and scientific 
societies, and from American consuls stationed in out-of-the-way 
regions, Tlie original act of Congress, in which the National Zo¬ 
ological Park Was placed under the direction of the Smithsonian 
Institution, authorized and directed the heads of cxecuti%'o depart¬ 
ments of tlio Government to causo to be rendered all necessary and 
practicable aid ” to the Regents of the Smiihsonian Institution in 
the acquisition of collections for I he Zoological Park. Especially 
fine collections of rare and valuable animals have been received 
through the efforts of American, consuls and through transfer from 
bureaus of other executive dcpfirtments. Numerous animals pre¬ 
sented by other governments or by individuals to the President of 
the United States havo l>acn transferred to the park. Notahio cob 
lections of this kind were Hie gifts of rare animals sent by the lute 
Emperor lifeneljk of Abyssinia to President Roosevelt. A magnifi¬ 
cent Somaliland ostrich, included among these gifts from Btendik 
in 1004, is, by the way, still living in the collectiom TJio Canadian, 
New Zealand, and other Governments have sent shipmetWs of de- 
sir able anmials not odiorwdan oblainublc* Patriotic American 
travelers in foreign lands frequently collect or purchase stmnge 
animab and bring or ship them to the National Zoological Park, 
aiimy animals aro received in exchange from other gardens, often 
through the imi>ortera or dealers, who can readily handle the sur¬ 
plus stock reared in the park. Certain reliable animal firms in San 
Francisco and New York receive and care for shipments of anb 
mals for the National Zonrdogieal Park. The animals are m such 
cases usually given a peritxl of rest and special treatment before 
being fomarded on to Washifigtom 
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Through the courtesy of the express companies, skipiuenU of liv¬ 
ing animals for the Xntional Zoological l^iirk often are giren spedal 
care in transit, emd^ if desirable^ telegraphic instructions ai'e setiil 
agents along route. Different animals require cliffereiit treat' 
ment on arrival at tlic! park. Some may be liberated at once in the 
InoLosut'es while others are kept in s|ic<;ial nstiiTd quarters for short 
or long periods of rest and general adjustment to the surioundingB 
and climate. In any case the newly arrived individuals have almost 
continuous ol^servation for a few clays, and aLL sorts of emergencies 
are prepai'cd for. In exceptional cases sacli animals may be kept 
in retirement for montlis before they are linally, in the ^'ery best of 
condition^ placed on exhibition to the public. 

Certain kiteds of aninulls from certain countries are, from time to 
time, subject to i^uarantine or even embargo* This is owing to out¬ 
breaks of stock diseases in foreign countries;, all of which are 
promptly rc[>qrtcd to the proi>cr American authorities^ For months, 
or even year^a, at a time it may be impossible to iiii|.>ort directly 
fiom some foreign district ruminant or other animak subject to a 
specihe disease* Some heart-breaking experiences result from tlieso 
^ery neccasary regulations, and exce^ively rare animals, never be¬ 
fore or since obtainable, have been lost on account of them. But 
?:oologiral garden officials are just as anxious as Uie stock breeders 
to keep animal diseases out of the country and are, or sliould be, 
ready at all times to cooperate with the quarantine iliviaioiu So 
far, happily, no outbreak of any stock discaac in tkis country has 
been traced to a zoological garden. 

VtiAVttCM. IN KINDNESS TO ANIMATES 

In the modern, up-to-date zoological garitcn may be seen the 
finest examples of "kindness to animals. Tke men engaged in the 
work are eolcctcd for their feelings toward anlmak. Kindness and 
devoted attention are egsentia! in maintLiining their charges in Uealtli. 
Xo cruel, brutal, or inhuman act w’ould be tolerated in any well- 
conducted zoo, and employees who do not show a thoroughly deep- 
seated or natural love for animak arid an absolute freedom from 
“temper” are promptly released or transferred to work otlier than 
in the animal division. 

Tliore are, of course, few good citizens w-ho object on general 
lirinciplcs to animals being kept in captivity. As a rule these ijM' 
pie are not familiar with the facts or with conditiotis in our modern 
zoological gardens. IVe have known the mosi pronounced antizdo- 
fanatics to become completely converted after a day in the Xa- 
tional Zoological Park, under the private guidanre of an anlniak 
loving employee, and to become much interested and fri'inpathctic 
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thereafter in the work of the zoo. It is hard to understand the 
rtasoning of a fanatical “ animal lover ” that would rather see ani¬ 
mals killed than captured and made pets for the instruction and 
amusemant of thousands of other equally good animat lovers. The 
extremists^ who wish to abolish zoos, do not tell us what is to be 
done with these pet animals, and apparently have never considered 
the saving, hy methods of domestication, of species doomed otbor- 
wise to extinction. 

A recent outbreak against the zoological gardens had to do with 
tbo exhibition of speoimcna of the American eagle. At a meeting 
of one of the societies concenied with ^ch matters, according to 
newj^paper reports, it was nxgucd that it is ^^unpatriotic and incon¬ 
sistent to imprison for life the noble bird tliat has been chosen to 
typify the proud, free, and lofty spirit of America.” It was further 
urged “that the eagles in captivity nt the National Zoological Park 
and other places be liberated.” Now, the eagles in the National 
Zoological Park have bMi almost invariably rescued from death. Tire 
park does not encourage the capture of eagles and always advises 
agalni^t the destnietioii of the birds or their nests. These that we 
have on exhibition have been trapped or shot, and we have taken 
them and brought them back to health- Were they liberated, it is 
certain that they would be promptly shot. The hand of almost 
every man ie against the eagle^ the bird is without legal protection 
in most States, and in some places bounties are actually paid for its 
dostmotion. Almost every'one shoots or traps on eagle whenever 
possible, and the wonder is that the bird exists as a wild creature in 
America to-day* Egg hunters know virtually every nest in many 
]iarts of the United States and rob them from jewr to year. The 
eagles in the zoo are seen and admired by millions of visitors who 
would never sec a live eagle, es|>ecIaUy at short range, in all tliair 
lives in any other way^ They are regularly used as models hy 
artists, and hundreds of photographs and drawings have been made 
of them in the ycara past, both by omitholo^^ats and engravers. 
The beautiful eagles on our Govemmeiit bills and bonds have been 
made directly from these very birds. TrVhal is needed is not protec¬ 
tion for the eagles in the zoological gardens, but for the eagles left 
in a wild state* If the societies so distres^d over the eagles in 
captivity would only join forces w'ith the olScIals of our most promi¬ 
nent K€M>logical gardenst who are doing all in their power to ubtam 
legal protection for the eagles, they would indeed Ikj doing some 
practical good in the cause of the wild creatures. 

Wben one considers how rapidly the wild animals are being 
exterminated from the face of the earthy and what cruel mcthock 
are employed in hunting and trapping for meat, furs, hides, and oil, 
and how raan^a use of the land is depriving whole species of all 
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their range, it is easy for the -well-informed animal lover to feel 
satiaged tliat the life of a contented, breeding family of animals 
in a icoo gaddock b preferable to a fearsome struggle against un¬ 
beatable odds and certain extermination in a wild state. 

BEHINTJ TUB BCKNBS IX THE ZOO 

Almost ereiyone is familiar with what b to be seen in die zoolog- 
iral garden from -without the guard rails. Something of the activi¬ 
ties behind the scenes may bo interesting. Take, for example, the 
cook house. Here the chef in charge gives out to each keeper the 
ration for the day: Hot boiled rice from the fireless cooker for 
the morning feed of the monkeys; specially baked bread for the 
bears, carefully taken from the rack of day-beforc*yesterday^s 
baking; hard-boiled eggs, fruits, vegetables, milk, meats, and fish. 
With about 1,700 animals of nearly 500 difi'erent species to care for, 
the head keeper and the property clerk must supply the chef and other 
assistants a great variety of foodstuffs. While hay, grain, and 
meat naturally form the great bulk of thb provision supply, most 
of the articles of food used in the average home are at some time, 
even if only in small quantity, used for the animals in the zoo. 

A large garden, operated in oounection with the park, supplies 
bale, spiaach, lettuce, Swiss chard, and beet tops. The lawn clip- 
pings are all eaten by the niminants and waterfowl, and trimmings 
from trees—^tbe leaves, bark, and small twigs—arc used by the brows¬ 
ing animals. An orchard has been set out and it is expected that 
soon all of the apples that can be used will be grown in the park. 

Each man in charge of some special hinds of animals -visits the 
food house and sees to the proper preparation of the day’s food for 
his charges. The meat is cut, fish trimmed, vegetables, fruits, and 
stale bread chopped in electric choppers; bone is ground. Almost 
any kind of food may requisitioned by the keepers in an emer- 
gpney. One keeper in charge of the ostrichlike birds was having 
difficulties with a nick cassowary. All food was refusetl by the bird. 
The keeper, a man of great experience, asked for a few-pounds of 
Malaga grapes. These were promptly supplied, the patient was 
pleased, and a rare specimen worth many hundreds of dollars was 
soon “ back on his feed *' again. 

Tlie market truck visits the wholesale market of the city earlv 
each morning, returning to the park about 10.30 a. m. Tim special 
requirements for tlje day, which may include almost any delicacy, 
even to Afalaga grapes or oranges, are included with the regular 
day s supply of perishable staple foods. 

Some of the animals must tw fed several times a day; some, like 
the lions, tigers, and other big eats, only once a day six days in the 
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ivcck, witli one flay out of seven of coropleto fasting. Some of Qie 
I opt lies eat only once every montli or two. Some young nuUnalo 
must l« fed throughout the night; ulwoys, there arc two espericticed 
nnimal men on duty et all boo re of the niglit to look out for these 
speciul charges or for new arrivals that the stork may bring. Cu¬ 
riously enough, a fine large European stork in the park onoc died 
the day after the birth of a haby hippopotamus. 

One of the great probleina in the zof} w to keep people from feed¬ 
ing the animals. Unfortunately, as much us people like to do this, 
the officers in charge must frown on the practice. Sickness and even 
death are not in frequently due to such acts of mistaken kindness on 
iho part of visitors. Peanuts are not the beat of food for all animals, 
especially in such quantities as would be furnished on a day of large 
attenduucc, were die keepers and guards lax in their duties. It is 
particularly distressing to see a person take a bite from a piece of 
cake or fruit, remove it from his mouth, and to«.s it to a rare and 
delicate moidiey. If such miscellaneous feeding v;ere allOAved the 
deatli rate among those auimiiU especially susceptible to the con¬ 
tagious diseases would unquestionably be greatly increased. Cer¬ 
tain native plants are highly poisonous to some of the animals, so 
that it is not entirely safe to allow uninformed visitors to pass green 
food into tlie incloisuires, I am sure that overy zoological garden 
man in America would be glad if every visitor refrained from toss¬ 
ing anything whaieveT into a cage or paddock. 

In addition to the animal division and the office force the Zoologi- 
ral Park must, of a noce-ssity, employ gardeners, mechanics, fxilioe, 
laborers, and attendants. The grounds must be planted and kept 
in order, the Government's property and the visitors must be pro¬ 
tected, and repairs must be mode to buildings, cages, walks, and 
roads. The main eshibltion buildings are economically hciUed from 
a central plant, and around this plant are grouped the machine 
shop, blacksmith shop, paint shop, and carpenter shop. Repairs in¬ 
volving the security of animab or the safety of visitore can not be 
delayed, and arc sometimes immediately urgent. 

The expert mechanics on the list of permanent employocs are 
able to do almost any kind of constniction work in wootl and metal, 
and almost all of the raeclianical w'ork done in the park—from the 
construction of a building to the making of an automobile road—is 
done by the regular force witli tlie esaistonoe of such temporary 
laborers as may bo required. 

THE BEOOItliS 

Every animal received at the National Zoological Park is cata¬ 
logued, given a serial number, and further recorded on a large filing 
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card. The mune, sex, age, history so far as knowB, and condition 
tti^ alt entered. The subsequent history of the animal is r^rded 
on the back of its card so that the records of accidents, sickness, 
births, or any other important incident in its life arc readily aBcer- 
tained. On the removal of the animal by death, exchange, or for 
other reason the final chapter in its life in die zoo is entered on the 
card and the card is transferred from die file of living exhibits to 
the permanent file of past residents of the park. If the animal di^, 
the cause of death, with the autopsy report, is entered with the final 
record. The information tlma readily available on any animal or 
group of animals kept in the park since its foundation is often of 
great importance, and the value of the complete records increases 
from year to year. 

In eveiy community of or 1,T00 people, some one is pretty 
likely to Iw ill. It is "so in die zoo. Every day each animal is care¬ 
fully observ’ed and any signs of illness are promptly reported to 
the head keeper. Most of the ailments ate slight, and prompt re¬ 
covery follows proper attention. If necessary, the animal is removal 
to the hospital building for isolation and better facilities for treat¬ 
ment Always there are deaths, but the rate is very low, and, as 
mentioned before, many species are kept long beyond the usual period 
of life for a wild animal. Old age is protected and prolonged in the 
zoo; in the wild state all animals post their prime are liable to tragic 
ends. 
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Plate i 



vt€w OF amtelofe House, Nateonal zoolooical Park 



AMELRICAri BISON,, OR BUFFAUD. IN NATIONAL ^OOLOaiCAL PARK 
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PUATE 2 



I. Ott£r mo family of YOCNQ BOHfi \ti NAnOHAL ^OOLOOICAL PAHX 



2. HOUSE FOR ElAIHDS AHD MOLINTAIW ShEEP^ N AT tonal ZoOLOGJCAt 
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PLATE 3 




a. StOfct Bri[>oe: Over Rock Creeps. Natiqnal Zdoloqical Park 
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Plate 4 



L A<HIP(ADS, OR BaRSAA'^ SHEEP, HAtiWAl- lOOLQQlCAL PARK 



a. NEW Type of Sahitarv Outdoor Caoes. National ^od^odical park 
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Plate 5 



t. Monkey house, Nat«onal Zoological Park 



2 . Gheat Plight Cage for Bird«. Natpohal Zoolooigal Park 
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PLATE fi 



_ 

I, FEMALt African Elephant ^‘Jumssha." 12 Years Olo. national 
looLOOiCAL Park 



2. ROCKY MOUNTAtN GOATl \t* NAtrOHAL ZOOLOGICAL PARK 




















PLATE 7 




2. TflUHPETEe AMO WnI&TUhO SwA^ 3 OH THE NOfTtH AMERICAH WATER- 

FOWL lake. National Zdoloqecal Park 
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PLATE Q 



2r Llamas with Youna, Natso?(al Zo:3LoaicAL Park 
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Plate » 



I. European Bnown Bear with Three Cuas born in the national 
ZooLOaiCAL Park 



2 . RED KAPiQAfrOO WITH VOUNO IN POUCK. NATIONAL ^OOLDOJCAl, PARK 
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PLATE 10 




2, A OROMP of VoUNa OffTTlieHEi, NATIO^IAL StOCLOQiCAL PAf?Pt 
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PlJtTE H 




iL The Ahimal Hospital^ NArioNAL Iocildciical Park 
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PLATE 12 



h CRQWh^ei OHAHEA; AND YOU NO l=IOCKY MOUMTAIP* ShSEP BQRH IN THE 

MahonAL 2qolociical park 



2, A PAIR OF Brazilian Tapim. National ZoouoatoAL Park 
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PLATE 13 



2. PRONOHORH AKTELDPE. MOTIONAL ZOOLOGICAL PARK 
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PLATE 14 



I. MiuFtE Swans with YcdncSh National Zoolwjical Park 



2, ^ELLER'S SEA LlOH^ NAHONAL ZOOLOGICAL PARK 
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Plate IS 



i, LoadIN{I lions on the TflAIN AT FSSAIBOBI, EaST AFRrCA. FOR ShipmEwT 
TO THE National Zoolootcal Pask 

hy A. B. 



2. Elephant House. Yard, and Bath. National Zddlooical Park 
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YOUNG ^LEPHANtg CAPTUflED PH SUMATRA AWAPTIHO SHIPMENT TO AMERICA. ThE SECQHQ Ohe FROM THE LETT ANO THE LITTLE 
Owe AT extreme RidHT ARE Now in the national ^OOLOOICAL park 

1 PM]ij[ij^.nJ.ili fruiiji l.riil|kf Klllir) 
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Plate \7 




S:. The Machine Shop, naijokal Zdoloaical Park 
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PLATE m 



I. AftCTiC Fox, NAtIDiiAL ZOOLOGICAL PAftK 



2h CiNHAMOfI BEAR AND HER TWO NEARLY GROWN CuSa, NAHONAL 

ZOOLOGICAL Park 




















NESTS AN1> NESTING HABITS OF THE AJIERICAN 

EAGLE^ 


Bj Fmkcib H. 

Rcterte Vnivtrtttjf, Olmcliind, OAln 


IWIlll 3 ptBlM) 

I 

In northern Ohio tlie fringe of forttst along the soutitem shore of 
Lake Erie has long been the haunt of the Amcriom or whitc-lieaded 
eagles (ff<a{^tiu l^cocepheHm), They were here before the white 
man dispossessed the Indian^ and here many have remained, in spite 
of all tlie changes which he has wrought in the forests and upon tbo 
shore, undismayed if not undisturbed by his incessant activities 
afield; until, unless an active war has been waged against them, they 
iiave come to show no fear of the once novel sights and sounds of an 
advancing civilisation, and for tlie most part they have come to dis~ 
regard them utterly, ei*or trusting to their inherent powers of cir- 
ci^pection for their own safety, to their physiol prowess, their 
adaptability and to their marvelous speed in the air. 

The lake country was no doubt favored by the eagles because of 
the almost nerer failing supply of fish to bo found in most seasons 
either at the surface or stranded upon the beach, a supply now greatly 
augmented at certain points by rejects from the pound and gill nebs 
of fishermen. 

The favorite nesting trees of this region are the sycamore and 
the shellbark hickory; and that the dying or dead of Ibese and other 
species are repeatedly chosen by the same pair of birds must, no 
doubt, be ascribed to habit, determined in the first instance by the 
need of a safe approach to the aerie, and of an unobstructed out¬ 
look from its spacious summit. When one of the branches which 
supports the nest comes to be used as a perch, the nesting scenes take 

I L«d by pcnnlHli^n frpflJ T^uj Aoiti V<?!- No. $, Apr.^ 

Hw or whJte-b«d»d «ieI« ww adopted tm t3» wisfi o-E lbe liad«pebdEiiiw and 

of tho Uoited flutiv ty ifolo of tlae NfttioniJ Oobem* □» Jdm 20, 1752. 
AItttwfai ffoldon (4fiiUd V ai» foand wlthla onr llislta^ lieiPttf nw 

coDflbHri mainly lo the tcfrltOfy wmt of tiw? Ul*BlMtppL RStcT. It approprlats aod 

would CErtaJulj t» fonralebt to onr hatlOHil bifd am 

utad to Biiko tlw popeliir toe of thli trrB ™ctjf dlKrlmtiMlifo of Uie 
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on at once a new and livelicit interest; for then tlio birds can shift 
readily from nest to perch* or buck u^^ainio thene^tt^d to have the 
whole family at dinner may be a daily experknee. It is possible that a 
sound trcCi when long occupiedi might suffer and finaUy languish 
under the ever growing mass of vegetable decay w'hich it is usually 
called upon to sustain. This was apparently the cose with the nest 
tree at Vetiuilion, Ohioj about which our interest will be mainly 
centered in subsequent articles^ though sonic what broken at the top^ 
there was enough foliaj^ about this great nest in 1022 to seriously 
hamper observations^ in the following spring, to our great surprise, 
the flow of sap suddenly failed anch except upon a single branch at a 
height of barely 20 feet, the life of this tree went out. Other hickory 
trees in the same grove, though unencumbered, have also died, and 
during tlie spring gales of the present year many were broken or 
overthrown^ so we can record only the fact^ while the relation of 
cause and effect remains in doubt. 

So far as 1 have observed, the nest tree ia aeldont at first completely 
isolated, but commonly stands on the bonier of woods or in an open 
grove, a mile or more from the lake, and it often vises to such a 
height ns to cxiaimand the entire neighborhood. 1 have known one 
instance where the surrounding timber waa cut away, but a kindly 
farmer spared the eagles* tree, and ita great aerie, borne aloft and 
Tisiblo for miles in certain directions, stood out like a castle on a hilL 

What has ]UEt been said would not apply to island nests, nnd in 
our studies of the eagle experience is ever warning tis against in- 
duJgenc'e in the easy path of generaliaation; not only must w e expect 
to find much variation in habit among different individuals^ but also 
in the same individuals at different times, for Imbit in this sense is 
the result of experience^ ilost eagles are great place holders, and wc 
have recorded the instance at Yerniilion in which the same aerie has 
been occupied for upward of M years without a breaks and the im- 
mediate region for nearly a century; while other individuaLs, bent 
possibly upon Improving their condition with respect to the food 
supply, their safet}^ or that of thoir aerie, seem to be constantly on 
the move. Thus, a pair at Danbury, Ohio, liave moved three times 
in five years, and I have known a deserted aerie to be reclaimed after 
an interval of one or more years, presumably by the original owners. 
At Kellcv^s Island a nuniber of nests arc In open pastures^ and in at 
least one instance the site is so poorly chosacn as to suggest the work 
of incx|>erlenced builders* On an island in the Pacific, 50 miles 
south of San Pedro, known as San Clemente, Broainger* loutid 
two ground nests of Uib eAgle in February^ ISMB; they were placed 

»UreblngTr, a»r^ F. fiim Clrmi-tiir Irinod find Itm Blfdt The Aiakp V^^L 2^X1, p. 
Eie. CkiatirLdfn* IWL 
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(m either side of a deep gorge, anj veerc said to have been used 
m alternation by the same birds for the space of 15 years; the one 
on a large roL-k a mile from the north end of the island then oon- 
tained two eggs; while the other, on a lullside amid grassj was then 
in disuse; the latter was so high that a man standing beside it 
c-onld not see into its shallow top. 

’Wlien the site is well chosen the nest is securely held in the gmsp 
of a n limber of spreading branches* Possibly any tree offerjog 
sucli conditions might be taken, but I have seen only the sycamore, 
the hickory, and the elm thus used, and the fact that a given pair 
of eagles will sonietlmei^ favor the same kind of tree for a number 
of aucccssive nesls is a strong argument for the force of habit. 
Where the upright brandies are nearly vertical, the nest, as in that 
formerly at Xorth. Springfield, Oliio, gradually assumes a cylin¬ 
drical form (pL 1); where the spread is greater, the aorlo takes 
the cup form and later that of the wineglass or tall inverted cone 
(pi. ^); Ln an exceptional case at Kelley’s I^lund^ to be later noticed, 
the aerie was remarkably syiimietrical and in shape of a huge bowl 
over 7 feet in diameter (pL 3); but it should be noted that such 
comparisons apply to the exterior only, since ^^eup and ” arc 

here solid to nearly the brim; indeed, in certain cases no concavity 
exists, but the aerie is markedly convex at the top* The diameter 
of a new as of an old nest will depend, as I have intimated, upon 
tile angle of divergence of its main supports, but in a uumber of 
instances observed the first years nest measured 5 feet across the 
top and its height was approximately the same. 

A nest of the first year consists of a great mass of sticks, gathered 
main]}’ from the ground, borne to the nest site in one or both talons 
by either bird, and laid individually with aid of the bill; us this 
mass of fagots grows, greater attention is paid to the jierlphory, 
where the coarser materials are more carefully and more efiectivdy 
interlaid and adjusted; the center and interstices are filled with 
dead weed^j cornstalks, and sttibble, with incidentally considerable 
earth introduced with pieces of sod and with weeds* It is no wonder 
that with the growth of years the core of such a structure comes to 
form a sodden moss of vegetable mold. Tlie largest sticks which I 
have taken from different nests wore a yani long and 2 inches thicks 
but many wliirh I saw in a nest nt Kelley^s Island this fuimmcr 
appeared to have a length of over 6 feet I am not yet ready to speak 
of the act of nest building in detail, but examination clearly indi¬ 
cates that such sticks are mainly gathered from the ground* The 
owner of the land on wluoh the nest at North Springfield was situ¬ 
ated told me of having seen big engle® in nesting time fly against 
the dead branch of a tree and, as it snapped with a sharp report^ 
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bear it olf to the uerie; if such statemeDts are true, the eagle chisps 
the branch in its talons and breaks it ol! by sheer force as the lish 
hawk is known to do, an easy matter for birds of tlieir weiglit and 
strength. The Vermilion eagles at a later phase of nest life would 
now and again bring in their talons a cluster of living oak twigs 
and lay them upon tlic nest, a curious habit, the meaning of which 
wilJ be considered in another place. 

Eagles arc supposed to lie mated fov life, and tliat when one is 
bereft it goes in search of a new mate. So far as known its quest is 
invariably successful, though it may return with a bii'd in juvenal 
dress. This loss and substitution of a mate occurred at the Ver^ 
milion nest when one of the pair was shot, but this w'as some years 
ago, and the exact circumstances could not be determined. It may 
be doubted if either parent would desert or leave for long their 
young when well started on the road of development; on the other 
hand we miglit expect a lone bird to abandon its eggs per force 
and, if again mated, to begin a new nesting cycle upon its rcLura; 
hut whether this has actually happened or not can not be stated. 
Since at least three years are passed before acquiring the perfect 
coloring—white head, neck, and tail, and yellow bill—and since 
young birds without donbt become sexually mature the first spring 
after birth, one may ex|>ect to occasionally find one in brown or 
juvenal dress mated to a full^colored bird; and Hoxie* * mentions 
a Casa in Chatham County, Gn., in which both birds were in imma¬ 
ture plumage, though the feiuale was than beginning to show 
distinct traces of white iu the tail; the nest in thia instance was 
in process of building on March 6, 1&O0, but according to this 
observer it did not contain young until May 17. The incubation 
period was given as 83 days, and the time from hutching to Sight 
as 42 days. Fresh eggs were said to be found in that section from 
mid-November to late Mardi. Two cases were also mentioned, 
St Savannah, in which tliU eagle laid a second set of eggs after 
having been robbed of her first; in the one instance the first set 
was taken on December 5, and in the other on the 13th of the 
same month. There is a similar record for Lincoln County, Me.,* 
where the eagles held to their aerie after being repeatedly robbed, 
and in all probability they made tlicir losses good. In this instance 
the neat was in a tall dead pine, and what is more important it was 
lined with green pine boughs, the possible significance of which will 
be noticed at a later time. Two partially incubated eggs were taken 
from this nest on April 7, 1801. and three, in which the development 
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was far aclvanc«d;» on the IGth of the game month of the succeeding 
year. The following happened at the Vermilion nest: A collector 
aecended the tree and romo%‘ed the first set of two slightly incubated 
eggs on or about March 18, 1&20, after which a second set was laid 
end the young reared in due course. I have not yet definitely dekr- 
uuned the exact period of incubation at Vermilion^ being unwilling 
to interfere in any way with the process imtil our obseiwations on 
all later phases of nest life wens reasonably complete. From wbat 
wjis seen this year, however, I atn satisfied that the incubation did 
. not exceed four weeks. 

It is conunonty said that eagles, when once ^ttlcd down, occupy 
the ^ same nest” year after year; it would be more exact to say 
that the eagle builds anew each year, but uses the old nc$t as a 
site for the new one. Lriko mo^t other birda, it aatigfies its building 
instinct at a certain time every year, but, unlike most, it Ls chained 
to a certain spot, which is its old nest. As a result of these yearly 
increments the eagle’s aerie gradually rises in height and, Einca it 
must meet the spread of its main supports, it may incmise steadily 
In dinineter often, as we have seen, taking the form of an inverted 
cone or balloon, until at last the nest tree collapses under its ever 
incrcaaing burden. Such a structure from the standpoint of tJie 
student, if not of the builder, is thus a compound or storied neat; 
it might be eompHred to a stack of saucers, each of which represents 
a “ nest^" or a unit which is yearly addi:^ to the pile, but beKoties so 
completely incorporated with what precedes as to bo thereafter insep¬ 
arable from it. 

II 

Of some eight nests of tlie American eagle w^hich 1 have examined 
in the south shore region of T-dike Erie, two were at North Spring- 
field, tw^o at Danbury^ and three at Kelley-a Island, besides that at 
Vermilion, the most remarkable of them all. 

While traveling on the Lake Shore Bnilroad some years ago 1 
happened to notice an eaglets nest from the car window not a thou¬ 
sand feet from the line at a point near Girard, in Pennsylvania; a^ 
this nest appeared to be of unusual size and occupied the top of & 
dead truncated tree which stood quite alone, it aroused my curiosity. 
After leamiEg that this great aerie had long been a landmark of 
that region, being well knowm apparently to every workman upon tlic 
road, I resolved to pay it a visit. Upon reaching Girard in the fob 
lowing J une I found to ray keen regret that the old aycamore with Its 
famous nest had gone down in a gale of the previous winter, but from 
photographs® made before its fall (pL 1), together with meaigure- 

■ By Hr. tl, TMiAiu MJInawroFa Pi_: for a vrk* &f [ilttUrM fhlA iktL, 
^Tti« Erie's Nat.'* SL ^ItiholU T^. XXrX, New York. lOOS. 
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inents which it then possible to secure upon the ground^ I am 
Ablo to give its exact dkuensions. It was 0 feet in height and had a 
nearly tmiforni diEuneter of 6 feet; according to report it had been 
ocdtipied fur 15 yeai's, and its top, as 1 found, had originally stood 
at a lieight of 77 feet from the ground. The nest was es$ontiiiUy 
wedged Ijotween two upright bruncheSj though m-eiTing some support 
frnen a ^rualler division of tlie main stem which at the base attained 
u diameter of feet; its two main supports w'ere broken oE at a 
beigbt of 6 feet from the top of the aerie and served the eaglea as 
favorite perches and lookout points; tlie nest wob a great mass of 
wattled or intertirosaed sticks, made solid witti earth and tho result¬ 
ant decay of the aiiiuaul additions of ^veeds, stubble^ and strow. 

For many years these eagles were said to have occupied a dead 
sycamore in the midst of woods in Milesgrove, Pa.; %v'hen this aged 
tree siiccunibed, the more famous nest^ which we have described, was 
established in another sycamore, also dead, at North Springdeld just 
over tlio linet in Ohio, in 1B85; this lasted, os we have seen, 15 
years, or until January, XOOO, The third nest was started in the 
spring of tliat year at a point not many rods from the site of Uie 
second and again in a ^'camore, but tiiia time in a living and aound 
one, 'Fliis tree had a girth of 12 feet ut the ground and a clean 
straight bole without a branch for OO feet; at this point it spread a 
number of strong arms which formed an all-embraciiig nicbe for 
a nest of great No doubt it was this great crotcb which had 
attnicted the eagles, tliough close beside it rose a stately tulip tree, 
the branches of which met those of the sycamore and partly over¬ 
shadowed them. 

Upon approaching this nest on Hie 8th day of June not a sound 
was heard for full 20 minutes, when stiddetily one of the eagles 
appeared, whose behavior suggested the male bird, and eircHng over¬ 
head, began to sound his iieculiar alarm, which I have heard many 
times since. It mivy be transliterated as kar/ k&r/ karf with some- 
times the sugge^on of a final k at the end of each ssyllable, or again 
as ca/:-aM>cacf Then, alighting in the topmost branch of n dead 
tree, ho expressetl hla emotion in a manner charactoristic of many 
birds even as remote of kin as tlie nighthawk; with depressed head 
and neck oiibstmdied, with drooped and quivering wings, his man¬ 
dibles would open and close with the regularity of clockwork. Dr. 
\\'illiam I*. Ralph* was always able to recognize the male by this 
alarm, the call of the female being more harsh and often broken. 
Tlie female was sitting in her aerie during the lime of our approach, 
as became evident when she suddenly left it and with protesting 
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screams soared over the tree tops; neither bird would come to the 
ne.st vidiile I was in the neighborhood- At this time there wens two 
eagletS;, in full feather but quite invisible from below, except afl one 
would appear and dioot a wliite ^rcam well over the edge of the 
nest. At the Vermilion nest we did not hear the alarm call after 
the last week of May in 1022; not once was it soundcfl within hear¬ 
ing during our long vigil beginning early in June and lasting until 
the flight of the young eagles in early July. Silence also seemed to 
he the rule daring the present season, and it was possible for us to 
determine the female only by her slightly greater size and more sin¬ 
ister countenance. We noticed, however, tlvat whenever an observer 
showed hini^tf upon our platform, passed under one of the poixhefi, 
or approached the observatory^ tree, either eagle^ if present, wnuhl 
crane neck in hte direction, open and close the mundibleSj and if 
uttering any sound at all, biting it off so effectually that it was 
scarcely audible at a distance of &0 feet. 

Two nests which T examined tit Danburj^ on July 5. 1022+ and 
which ivere occiipieci successively by the same pair of birds* were 
markedly convex at the top* but whether this peculiarity was due to 
a habit or whim of tJie builders or, aa seemed more likely, to a 
lack of suitable supporti^ at the margin of the nests, could not be 
deteriiiijnefb I am able to give n partial history of these nests 
through tlie efforts of ifr. G. Tibbels to save the eagleti? from 
community vengeance. Tlie fanners in their vicinity^ It seems* had 
lost a number of their chickens and were lient on keeping the eagle 
populiition down. The first nest to be built and occupied stood at 
a height of altout 70 feet in tlic top of a dead shellbark lurkory'' on 
the edge of woods* al)out midway between Sanduski’ Bay and the 
liike; it waa rather more than 0 feet tnll and meagiired 4^ fwt 
across tlie top, Mr, Tfbiwls cliniliefl to this nest at about the middle 
of June for three years in succession, nnd removed the 

yoiinp, his plan being- to hold them until they were able to fly 
and then release them. Tlie old ea^rles, he ttdd me, behaved in 
essentially the sarne way each time he raided their pcvie; they would 
swoop down at him with talons extended as if about to fftrike, but 
tliey always swerved when 0 feet or nioi^s away and would eventu¬ 
ally settle in the top of neiphboririjj trees where, with opening and 
cleeinpr tiiandiblea, they fpive vent to their alarms. Tliey did not 
leave the vicinity while he was at the nest. Oil one of th^ visits 
the aerie wtts strewn with the ctrreasses of muskrats, rabbits, chick¬ 
ens, and flsh, including the half-decomposed body of a large carp; 
two of the muokrat skeletons carried each a steel trap, which might 
indicate that these rodents hod been taken outside of the nesting 
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season, or at least not lon^r sifter the beginning of March, and that 
the aerie-served its owners na an habitual dining table. 

In tlie spring of 1^21, according to Mr. Tibbeis, the Danbury 
eagles wore seen carrying nest materials to a new site a mile away, 
while they ctintinued to hold to tlicir first rest dawribed above- 
this was finally abandoned at the close of tliat season, probably 
not because of the repeated raids which had been made ii] 5 on it. 
but rather on account of the insemrity of the nest itself, which 
had lost a main supporting branch. At the time of our visit it 
was sagging over the stump of this lust limb and appeai-ed as if 
ready to topple over in the next storm. At all events the new 
nest was completed and occupied in the spring of 1D22 upon the site 
which had been determined tlie previous year. Tliis second nest 
was also in a dead hickory that stood on the border of woods and, 
although barely elevated above the surrounding tree tops, it afford¬ 
ed a good oudook. The tree was less than a feet in ita greatest 
diametor and the nest, which was estimated to stand at a height 
of about 75 feet from the ground, was approximately 5 feet tali 
and would measure as much or slightly less acrosa the top, When 
Mr, Tibbeis climbed to another ucst about the Ist of May, he found 
the top strongly convex, as in the former case, and three eggs lying 
close together in a depression that was evidently made by the Isying 
bird. On this owasion the old eagles, contrary to what might have 
been expected, made no hostile demonstrations* but kept the climber 
in sight while they were perched in neighboring trees. 

As wfl approached this second nest on the 5th of July, about 
seven weeks later, one of the old eagles stood guard above it and 
soon Went off in silence, but a young bird that was resting or pos^ 
sibly feeding in the aerie itself remained until we were close upon 
the tree. We found tlut the two eaglets, which had been on the 
wing for upward of a week, were still Lu the iiabit of returning to 
the aerie either alone or in the company of their parents. 

The unpopularity of these particular eagles evidently had not 
abated, for an attempt had been made to fire their nest tree; 
whether they were eventually driven out or net, I do not know, 
but, according to Mr. Tibbel^ they again abandoned their aerie in 
the spring of the present your, and moving across the peninsula, 
settled S miles to the northwest at Port Clinton. 

On ,JuIy 2, my aisiatant, Mr. E, J. ITumcl, and 1 visited Kelley’s 
Island, which lies 10 miles due north from Snndu.sky. and is only 
lew famous for its eagles than for its esteneive limc^ne qiiarnM 
and its world-renowned glacial grooves. Tiie eagles now frequent 
the semiwild eastern half of the island, which is 3 miles long bv 2 
broad. AVe visited three n«fts in the short time at our disposal and 
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a 8Jid mows ciii*eful rfiVTitli-d no otbora.^ All of the nests 

wlikh exAiumed were said to have been eeeently occupied^ but 
they were abandoned at the tune of our visit and not nn eagle was 
seen on the bland. Onr arrival happened to coincide with that of 
the well-known annual peet of mnyflies or -^Canada soldiera^*^ which 
come suddenly, remain a week or and m suddenly depart It is 
no exaggeration to say that, after leaving the toads, we were ham¬ 
pered at every step by these extraordinary creatures w hkh covered all 
exposed objects; all standing room seemed to 1 m taken on every 
spear of grass, on evEry twig and leaf; the very bark of the trees, 
great and mall, haitig “fumd” by them; and as we walked they 
swarmed up iu such incredible numbers over our bo<]ies as to almost 
blind usL It was diflicult to keep the bus of our camera clear of 
tliem long enough to take a photograph. 

All the nests w^hich wa saw were in open pastures; the first to 
!>e visited, on the northeast side of the bland, stood in the top 
of a decrepit elm at a height of about 75 feet; it was of the cup 
form, perhaps 8 feet tall and 0 feet or more across the top, A 
farmer, engaged in spraying bis grapes near by, informed us that 
it had been abandoned and again reoccupied the present season. 
Another nest, farther to the south and east* was also in a living 
elm, which was 12 feet in girth and stood some 1,200 feet from a 
roadway. It appeared to be ^neiy inseciircly placed at a height of 
about 60 feet and was evidently' a nest of the first year, measuring 
hardly more than 5 feet cither way and remarlmhle only for its 
asymmetry and the great length of many of the sticks which entored 
into its mass. 

TJie second nest that we visited, at a point a little to the south 
of the first, was so remarkable that the sight of it alone amply 
rewarded us for all our trouble and annoyance with Insects. It 
erowus a remarkably snidl sbellbark hickory (pL 3), about a foot 
and a half in diameter at its base and living in every branch, the 
lowermost being within reach from the ground so tliat a good climber 
should Ise able to moke the ascent without much difficulty and by 
the aid of a cord to surmount the aerie. IVe were told that not 
long ago a man had made this attempt, hut was attacked so viciously 
that he quickly had a change of heart. This nest is remarkable for 
is symmetrical bowl ghape, as well as for its proximity to the ground; 
according to our later estimates, it is 6 feet tall and over ^^cct 

rliltfid tlj* litnad span oa Apr, 1^13, la i^piDj of mj fflend rroL H, W. 

Wlw avcmltd the tm Id vhlcb Uw bowl-^p^ IHWt berrin na 

pUecd util aetAliaih] data for Uit dOmcUoa of mr f^ll«r twthnaiia of lt» dldusdldu anA 
hfliffllE from tfto Enmnd. At tlimt tLmo tVO Of tluo dopta wero occapled, but td Odr dii- 
■ Kmlatntedt, tbjj lut ud raoat iDiHTOUtijf of All Eiad obaodoaHl, 




272 A NX UAL RBPOBT 3MITHSON1AX INSTITUTION^ 1024 

acro^ tbo top, and a line dropp^I from its base to the ground meas¬ 
ured exactly 57^ feet. It is very evident that the unusual fonn of 
this nesst is due to tbo spread of its main anpportST which diverge at 
an angle of 70°. It should be noticed that the top of the aerie in this 
irt^ance is almost completely shaded by branches rising to a height 
of lO feet or more on all sides. 

The history of the Vermilion eagles* the fullest of whjch I have 
any rccorsk* and covering a iwriod of over SO years, is given in 
detail in on earlier paper.* During that time four nesls have been 
occupied for varying periods in the township of Yermilion, at points 
a mile or more removed from the shore of the lake. The fourth 
and present nest (pi. 2), whidi has hotn occupied for at least 34 
years, Htimds at a height of Si feet, in a ahellbark hickory whiclij 
as already noticed, was more or less utivc up to the spring of 1&2S; 
it was 13 feet tidl and 8^ feet across the top when exact measure^ 
ments were made on July 20, 1&22. Wlicn examined at this time, 
just 115 days after the young eagles wore on wing, all carcasses of 
fish, chickens* and other aniinals had Iseen romoved and its inside 
depth did not exceed 4 or 5 inches; tlie eaglets^ in the eourse of many 
weeks of exercise, had trodden its surface nearly flat. At that time 
ail the surface material, to the amount of iialf a biishol or more, 
wad gathered up and lowered in a sack; this was found to consist of 
fish and chicken Wnes in sparing amount, fiah scales, short Ichm^ 
sticks such as the young eagles It ad often l>een seen to use In their 
play, fragments of cornstalks, clusters of oak twigs with the dried 
green leaves still upon them, corresponding with what we had seen 
the old eagles bring to their aerie, besides a miscellaneous assort¬ 
ment of vegetable rubbish. Underlying thi$ loo^ laixr was a fairly 
compact floor of vegetable mold, which extended some 2 or 3 feet 
on all sides from the center of the ne^t and was easily dislodged 
with the hand, 

III 

Though hoping to turn my attention to building and other 
early pluises of activity another year, I will now set down in brief 
what happened at the Vermilion nest in the irpring of 1^23. When 
Jlr* Il€4idline ajid his men were building the aecond platform of 
our observatory on March 13-15, they were obliged to abandon 
their work for a part of the time on account of severe gales^ which 
during that month brought down many trees in the grov^e and 
threatened that of the eagles with destruction; accordingly, we 
took tho precaution of eecuring it as be^wt we could by the aid of 
steci wirca, Tlie eagles were engaged in building also, but. as Mn 
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Headline reported, they paid little attejiiion to the earpentera; 
while one of the eagles would fly over the aerie and drop a bundle 
of straw, oomstalkSj or atubble^ which it carried in its talons^ the 
other vTould dispose of it^ reinaininf^ thus engaged for la or SO 
niinutcs at a tinic; they had already built a barrier of sticks about 
tlie margin and were now laying a nnittress of straw and softer 
materials over tlie center; when the carpenters Anally returned to 
finish their w'ork on the 20th of starch, this bedding was convpletedt 
and one of the eagles, presumably the feuuik, was sitting in its midst^ 
though not continuously while the men were there. We infer that 
at least two eggs had tlien been laiii^ or were about to be laid, and 
allowing the eagle two or three days for sitting on the nest before 
actually prodiicing an egg, the probable error os Co the beginning 
of incubation is tiot likely to be grrater tlian this either way* 

When I mKt visited the nest with Sir, Headline on April 0 incuba¬ 
tion w^as well advanced; as we proceeded down the lane and entered 
the grove not an eagle was to be seen, and in spile of our past esperi- 
ence it was impossible to repress the feeling that some mishap might 
have befalleti eggs or birds. We Iiad not taken many steps in tho 
gTt)ve, how^ever, before the male suddenly hove into view from the 
eastj w heeled and settled on one of his habitual perches in the woods. 
This quickly dLssipated our fears, and as we approached the nest 
tree a.white head rose from the top of the aerie, at its very center; 
with the binoculars we could see that head and neck were craned in 
our direction* the better to follow our movements \i\>oa the ground; 
as we reached the observatory tree she went otl silently and joined 
her mate on his trijo-top perch. Wc then proceeded with our busi¬ 
ness, raising a 12-foot ladder to the upper platform and mounting 
it there, in tlie hope that by its aid w'o might see the eggs in place, 
ns the eagle had left them^ Since this platform rises U5 feet ubovo 
the ground, and 14 feet above the level of the nest, this ladder w^ould 
easily carry tlie eye 15 feet higher; but at even 29 feet above the top 
of the aerie, w'e could not detect the eggs witliin U, so completely 
were they concealed with the thick cover of straw atul siiihble. As 
it is a slow, difficult and rather hazardous task to climb the nest tree, 
we resolved to take no further risks with tlio egg.H dinijig the pres¬ 
ent season. While on the upper platform at this time I saw an hi- 
tere&litig performance—the male eagle assailing tho female, rising 
above her, striking at her with talous extended, in anything but 
an amorous manner, and apparently trying to induce her to return 
to her eggs. 

On April 21, two weeks later, I foun<l both eagles standing on 
their aerie, and at once concluded that the eggs had hatched; this 
proved to lie the case, for upon again ascending to our upper plat¬ 
form we t!Ould see two eaglets, which from their appearance could 
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not hftv^ been nut of tho shell over three or four days, feebly raising 
their fluffy Iieatbi above their warm bed of straw j we could only see 
that they were ivell coated with grayish white down^ and that their 
bills were large and by contrast very black. Close to the young and 
half buried in the straw lay the carcaas of some animal which w^e 
could not identify, but fiom the deep red color of tho fk^h wq 
sus[>ected that it might be a rodent. 

Although this eaglo^ as Audubon found by climbing repeatedly to 
the nest, may T&it for a number of days beifore laying is actually 
begun, the incubation period could not have bean far from four 
weeks, or approximately from March 20 to April 17* Since eaglet 
number one left its nest for the first time on June 27, and eaglet 
number two on July 1, they remained continuously in tho aerie about 
71 and 74 days, respectively* 

IV 


The Vermilion eagles appear to leave their habitual breeding and 
bunting grounds only when the usual food supplies givu out* In 
ordinaiy seasons^ according to Mr, and Mrs. Buehriug, they are 
away only from six to eight weeks,, or from niid-N'ovcmbpr to mid- 
January; but in the season of 1021-22, which was one of the mildest 
on record* they were missed for barely a fortnight in the latter part 
of December. In the winter of lft22-33, which continued rather mild 
until January, both birds remained in the neighborhcHjd, and were 
flven seen resting on the nest itself at the very end of December.^ 
Til at tho u^ of the aerie as resting place and lookout point, hy force 
of habit, long oiitlosta the scasvon of young, we know; hy the same 
token we might expect the aduU eagles to form a strong attachment 
to their home territory, and it may well be doubted if they ever 
leave it except under the pressure uf necci^ity; but in this as in most 
other respccta we should expect to find much individual variation, 
for in a bird of so great a range which covers the entire continent, 
the pressure referred to must be exerted in greatly varying degrees. 

The young of most birds, when once out of their nest, are, og we 
sav* out for good.” The slender tlire&d, which binds tliem to 
their cradle^ is snapped at the moment of flight j for all such the 
nest has suddenly lost its meaning or at least its function^ and new 
habifs at once step in to dominate their after life; moreover, it is 
the young, and not the nest^ which is the strong magnet to which 
the parents are drawn. With tha eagle, in this rwpoct also, the 
caf?e! 13 somewhat different, for its young after their First flight 
are prone to return to their nest^ and tliis tliey continue to do for a 
uumber of weeks, or for as long as they remain in the neighborhood. 
The adoption of a nest perch by old and young, oe noticed at the 
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Logiaiijn^ of this paper^ virtually introduces a noiv oleuient into 
nest lifoj for it niters Uie behavior of the adults* and tends to pro¬ 
long the time i^^liidi the young spend at the aerie* ns will be fully 
explained ut a Inter time. 

So fnr ns is known* young eagles arc never permitted to u$e the 
home territOKy for breeding purposes unless by chance^ at sotnc 
future time, one sliouM become muted to a pai^nt; according to 
the testimony of other observers^ after three weeks or more of eemi- 
independcnce, they are effectually driven off by tlie old birds, when 
their powers of flight and of securing tlicir own food have become 
w-ell established. 

To return to the first Danbury nest: One of the three eaglets, 
talceri by Mr. Tiljlveb in June^ 1^31, was possibly killed and was 
certainly eaten by the other two; at the time of our visit one of the 
survivors, though IB months old, had never actiuired the necessary 
coordination for mdependent flight, and was still a captive^ Any¬ 
one who was confirmed in tlie belief that the emblem of his country 
wa^ in real life a timid creature and a coward at heart -would have 
revised his opinions after having altouiipted to approach and manage 
tins bird. When, after cautious manipulation, it was finally released 
and set fitse upon the gross, it would endeavor to escape by maki ng 
long leaps and flapping its powerful wings, but it never seemed able 
to rise much above the ground. Wlien it was headed off and fnislraled 
in tliese attempts it would nish swiftly at its assailant^ endeavoring 
to strike with its extended talons, and at the same time to deliver 
swift blows with the wrists of its wings; when too hard pressed, it 
would tlmiTv Itself back, and with erected head feathers and open 
mandibles, like a hawk in a similar predicament*, it would strike 
fiercely with botli fceL 

V 

As regards tlie reputed timidity or cowardice of the eagle, or 
indee<l any other animal, it is impossible to speak with any degree 
of fairness without due consideration of individual differences, ua 
well os of differences in Uie same individual under diJIareni con¬ 
ditions. Probably few people would care to meet a lion in the 
open, particularly if unprepared for sudt an encounter; yet a 
recent traveler, who walked B,000 miles across tropical Africa, from 
coast to coast, has declared that the king of beasts ” is “ a terrible 
coward, unless it is starving or has been injtir&d” have seen 
lions ” he is reported to have said, face to face, and the heasts 
have raced away ia terror.^ Tl^e difficulty with the lion, os with the 
eagle, is in knowing whether the interview has been cori-eclly timed. 

Fear is an instinct which narure haa bestowed rather freely for 
the protection of the individual and the preservation of the rare: 
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it often WAses or ’wanes, accorilin^ to rather complex conditions, 
being frequently suppressed by any stronger instinct in tlioso ani¬ 
mals usually regarded as timid; in birds it is commonly suppressed 
by the instinct of guarding and pugnacity, ’«vhicb in many species 
rises during the period of Incubation, and like a fever, reaches a 
climax not long after tlie young are batched, and then gradually 
subsides: Accordingly n timid animal under the spur of a single 
instinct may at times become very bold, only to revert to its fommr 
state* 

In the case of the eagles, os in so many other instances, this b 
fiirtljer complicated by individual experience, for, in settled com- 
munities where such birds do not always escape persecution, great 
caution is often acquired; and their survival under difficult condi¬ 
tions shows that it stands them in good stead. The presence or 
absence of fear is thus clearly the resultant of many factors, of 
which individual experience is an important variable* j\jiy climber 
w‘ho invades the eagleb aerie, unprepared for an attack, especially 
if the nest is placed low and in wild canntry, is liable to meet with 
a surprise. At times the intruder has been badly frightened, and 
fortunate in having only bis liat onatchml from his head; ” at others, 
perhaps, he has been inenacc^l only, but at too close quarters for 
personal comfort; again no hostilo deaionstrationa whatever may 
be made. TIten! nre always one or mote independent and indeter¬ 
minate variable factors to be reckoned witli, and the issue will de¬ 
pend on the character and experience of the iniUvidnal bird. 

Captain Bendire*' has recorded the experience of Dr. '(^'illiam L. 
Balph on the Indian Eiver, Fla., which furnishes an interesting 
commentary on -what has just been said* This region, long famed 
for its bird life, was described as a paradise for the eagle, at the 
time of his visit in February, 1886, when with the aid of an assist¬ 
ant he found nearly lOO occupied nests; most of these were in pine 
trees, “generally the highest and thickest that the birds could find,” 
and usually at a height of 50 or CO feet, the extremes met with ot 
that point being 75 and 30 feet. Doctor Kalph .-oiild recall but one 
instance of eagles attacking iinyoiie; ibis was at a nest containing 
two young but a few hours old and built in a large pine at Crescent 

"Aulf+ VihL xsr, p. 2^, Tlsir ngin at the Sitn Ch-ttmte [iilu4 n«t, ft? vbJcti we 
Tam™ already TOfefml, Wmi uid ta liairs l3Ad b iMd rcpotattait for TlclaoBJifm On* 
KflMH ftt Plirq7-ibn.rln|r llnifr, nccordlPit t* ihJj* writer^ p* rmpToyw af Xhr wwl «>Enpuy 
lttAitil«d to ridit t* fiM eden oJ th* Ewmacn And take a taefc it the yeem^ Mtk-» in thdr 
rftek niwt: m dJd » ane ttua eTtl ce.0pm irwiHiEk!d down opoFi hlhi and pnatriifHj hli 
hat from hip brnd^ and dyltik off with H ^Irnfifird. ft Into Hi# wa. At th* tlSifl of hH 
jMI t±iO writer quoted approach^] ibp brat at the name btril and look n'pofliatlea cTo*o 
to Ibfl «lfie ftt ilbQ ab]FEa. Jq kdnii, ftr wmm araiaiiitiii;tn! by n Jtmalt doi: wblirti 
4^^□^c£led Id trtror benlde Eiiia an hfr Mt dti tbe ttmqndj Id n moDmil otae dT thn eaglea 
down apon hJw and ou3Hi VtUdii a fip«t of Bliiklaif Ulm Id the face. 
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Ijike T¥licre the bicda would sTvoop down and olniost strike tiie head 
dtCand were ^ very that one of 

frightened, and, thinking tlnvt they might injure him, shot Uio 

male, which was the fiercer of the two. 

Tlw same writer has given an interesting ac.^unt by Capt. B. T. 

Goss of two nests of tho eagle on small lidanda 

Corpus Christi, Tei^-i one of these, thought to be the work of an i - 

eitoerienced bird, was on an islet which did not rise over 2 f^ 

ab^-e high water, and was little more than a^simd r^f; he n^ 

“consisted simply of a few atleks laid on tho 

enough to make a single tier even, and these were ‘ 

bone^, feathers, and fish scales/’ The other nest, 

little larger and bearing a stimll sohlary tree, rose i e 

m^t” out of the water and was visible for miles. “It was bu U 

with surprising regularity, appeared to t» a perfect circle. iio ^ 

sides smU and almost perpendicular. It was built of sticfe 

sloped sUghtly toward the center,’’ where he said an eaglet sat and 

vic!!^usly mamwd at him as he peerctl over the edge. Both par^t 

birds, ho adds, “attacked us with great fviry, screaming and s n ng 

at ns with their talons.” Later when^an assistant ^kmg the 

eu^s from a tree nest, he continwesi “he was set upon hj both tho 

efiles, and if he had not had a good ^ick witli which to defend 

hiiiiEolf I fed sure thev would have struck him. j ■ 

^ Precisely the same kind of variability which we hawe notu^ in 
tlic eagle, and appanmtly due to the same cause, may be 
behavior of a robin, or even of a bluebird, under similar conditi^^ 
Who would expect tlie ordinarily timid blnebirtl to attack a pe^n 
who approached Its nest at any time or under any conditions! , 

1 have known a male of this serene and gentle specif ^o drive 
slraigiit at the head of an intruder, and with such speed and fiery 
iiufoia^city thiit he involontnrili' threw up hia hands. 

The Vermilion eagles were constantly pe^cr^ by one or more 
kingbirds whenever, upon approaching or leaving the acne, they 
,roSed their preserves. It is a familiar sight to see the douphtj 
kingbird pursuing an eagle, hawk, or crow, now and agam Martin 
nt them, ^king at llicir head or back and driving them from their 
territory The Vermilion kingbirds would pursue their suppw - 
IZ eiilin, .p to tu. o«.t tr™, »od oven .lipht «p... .t, branoh^ 
and there continue for some minutes their hareh notes of protest 
close to the aerie. More than once during the pr^nt season 1 saw 
one and sometimes two of the® plucky birds follow an old caglo 
to Its tall perch, alight just above it, and iiS tlic slJirit moved, dart 
with vim at the greater tyrant sitting in unconcern but a few feet 
uway; at every lunge of the little kingbird the old eagle swmed 
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very much bored; with the glasses 1 roultl see that his mandibles 
opened jiLfit a little at eadi thrust. In all such cose^ the eagle can 
well afford to adopt a policy of indifference; hat when a small hawt 
at Vermiiion thia year tried the same Uctica it met with a quick 
surprise, for after dodging a number of times, the eagle opened its 
talons and with one tbrust guddoiilj stopped the game and barely 
missed the hawk. Under certain conditions tho eaglo, as already 
intimated, may appear to be waiy^ suspicion^ and timid to the last 
degree, but, as we have ab<j seen, such conditions do not always 
prevaiL Both adult and young birds^ when hard pressed on the 
ground, or for aiiy cause unable to fly, can pot up a aliif Sght against 
any assailant. ^ 
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[Witli T pJiitoal 

The pnibiciii of tlic (iropH^atUm anti brwdiiig placei= of the eom- 
iiion Df fresh- tel: eel Ss one of grent jintiquity; fi'Oiii th^ days of 
Arbitotle nut urn lists have ocoupted themselves therewithj and in cer- 
tuin regions of Europe It bus eserebed popular iniagmntinn to u 
rcmurkuble degree. It ia only during liie last tlireu decadesj how- 
c vefj til at any ival results have been iittained. 

It hus long been known that the full-gnswn eels move down in 
the autumn fmm their rivers and lakes to the sea 5 the most impor- 
t 4 uit eel fisberieS], Indeed, ore based upon this seaward Eilgratiom 
The cels do not return again fToiii the sen* but in early spring there 
appear on the roasts myriads of small young eels, eagerly seeking 
their way up to fresls watei', Tlie^ eel fry nre known in most 
countries of Europe, aiitl occur in some parts in such quantities sis 
to fonn the object of a particular industry; for instance^ m the 
River Seveni in England* where tlicv are known as Un¬ 
til tb^ elver stage waa the earijcst stage of developmant in 

wbicii the eel was known on the sheu^s of Eumpe, and it wjus gen¬ 
erally supposed that the elvere arriving in the spnng were the ofF- 
spi-ing of the cels which had migrated during tlic previous autumiu 
They are not* however, altogether minutej, like the newly hatched 
larva of a cod ur herring; on rhe contrary* tlie_v Are no Icjsi than < 1-7 
cm, in length. 

"We know then that tJie old eek vanish from our ken into the aca* 
and that the sea sends 1 . 1 S in return innumerable hostA of elvers* 
Rut wliitlier have tbey wandered, these old eels, and whence have 

■ I17 ifrrtfibfiAlon from rhn^|»au^1 Trui^etlMi^ t\f Oaa Itajml 4 ft 

Mfifi U, irqt jIU ftp. TUI* propTnl jWfHW, h&W4i^i?rH {m nt^E nn rtRtl 

rtpjf H^r Ihfl on# pitbliiitiMl In UMi r^klaio|]h|4:iil TnnuiKl^DK^ le ■ddlllOo 10 Ib4 (rtuT- 
KtW, wtilcli \t new, TAflous tilHlLllonn Im^t hnn mrtilr, for In^tunee, tbe Idclnilob 
ef larttHT 4laU fmW tli*? kp^fitt'rial ^||«rtpd on titf cnlLrtf^ of llkfr two in 

Tbi! work on Ibift iniitoriii] I 4 HtllJ not Alow lO O^ci hnvo Uwn 

fldard whliltk ilo iwt np[i«nr |n tb# |»p#r In X^LIamphin] TfanBaotloH*^ *\m, lett Fl^im 
a, 13* II* la, and PlaUs 1* 3, 7^ ad wrM a> tigCE i-ljnirei a, 7, niid PIdtn 0, l^fpire 1. 
Tlw (irtt Mttin tbfiM nre nrl«1aiia; tbs Invt tbrrr (teil: nfpirM S, 7* itniJ iNdtii Ifl, 
nrnrt 11 h*Tit borti prwImadJy pfifbUp-bod In oElirW pufim of nttni-. 
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tha elvers eome? Ajid what are the still younger stages like^ which 
precede tlia elver stage m the tievelopment of the eeH It is such 
problo™ ass these thixt cOJistitute the eel question,” 

Tlie earliest possihitty of attacking Uus ancient problem scien- 
tiJically was atTorded by the Italians Grassi and Calandniccio, of 
whom the fornier publislted in iSOfl^ in the “ Proceedings of the 
Royal Society of London/* a report of their investigations at Mes¬ 
sina^ entitled: “ Tlie Reproduction and Afetainorphosis of the Com- 
raoii Eel (Anf/tdliii 

Giitssi and Cniandruedo found tlmt the elver stage is preceded by 
a larval stage, inasmuch as they were able to show that the little 
fish from the Straits of Messina^ described by Kaup in 1856 as Lep- 
tocephaIii4 br^viroHris^ is not an independent species, but the larva 
of the ceh The larva is leaf-shaped^ transparent as glass, and about 
cm. in length. By a piuceas of metamorphosis it is transforaicd 
into the eehshaped elvorj a reduction in bodi height and length tak¬ 
ing place. 

This Italian discovery was of great importancet we had now 
learnrd to know a stage still younger than the elver^ and it did not 
seem diiieuU from this to infer the remainder of the lifedjistory of 
the eeh Grassi was therefore jusitified in assmning that he had been 
able disipclj in the most important points^ the great mystery 
which has hitherto surrounded the reproduction and the development 
iif the common eel {An^uUld (toe, cit,^ p, S61), Even 

after the discovery of the larva, however^ certain points still seemed 
vague; one might yet ask, for instance: (1) ^Yhy were not tlie larva?, 
like tlie elvera, found promiscuously about the shores of Europe* 
but only in die waters of Southern Italy^ e«5pecially tlie Straits of 
Messina; and (t>) why slionUl we find in that water, not minute, 
newly-hatched larvie, but only speeimena already fully growrij or 
nearly so, of about 7 cm, in length? 

Bricflyi Grai^i conceived the circumstances to be as follows: The 
breeding grounds of the eel lie in the giTat depths? of the sjca—in the 
abyssal region—which in the Sileditcrnsncau is not far from the 
shores* In these deptlis the ova, suspended in the water^ are. devel¬ 
oped, and hens the larv® live, normally without rising to the upper 
water Inyers, Tin? Straits of Wrssina, however* form an exception. 
There are some peculkr currents here, that “tear up the deep-sea 
bottom, which everywhere else is inacce^ible {loc^ cit,, p, 2C8) r 
hencct it 13 just in the Straits of Messina that these larvro are brought 
to the surface and Come under ob^rration, 

w 

Tills, roughly speaking^ wo? the ^^tate of the cel question nt the 
comnipiiceinent of the present century. In the year liKH I was led 
by chance to touch iqxm it myself* My very first investigations con- 
firmtHl ill every rrspect the Italian dii^overy of the eel lan'a and its 
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transformation into tlm elver, T have not been able, however, to 
confirm Grassi’s theory nsi to the origin, manner of life, and agOj of 
the larvo-^ StiU, as I have said Leforej that theory might weU appear 
justiiicd from the state of tilings at Gio time it was first advancoiL 

llie Danish eel investigations were oommenced, os mentioned, in 
ISO-t. I was then on board the research steamer Th&r^ engaged on 
fisliery investigations in the Iceland and Faroe waters;, according to 
tile program of the Intemational Council for the Study of the Sea, 
III Mayj 1004, after towing a Petersen's yoimg-lish trawl near the 
surface of tlic water, wc-St of the Faroes, it was found, on examining 
tlie contents of tlir net, that in addition to various other forms of 
pelagic life:, we had also captured a specimen of Lepioacphalm bre- 
cm, long, 

ThuH the larva of our eel was for the first time found outside the 
Mediterranean. And the find, which was followed in the same 
year by another^ made by Mr, Farran from the stcarnsliip off 

the west coast of Ireland, afforded a starting point for future invf^i- 
gations^ Owing to various circumstances it came about that Den¬ 
mark, Q country where cei fishing is a specially important industry, 
was accorded tlie task of prosecuting the investigations further, and 
it fell to my lot to take charge of the work. 

1 Imd little idea at the time of the extraordinary difficulties which 
the task was to present, twth in regard to procuring the most neces¬ 
sary observations and in respect of tlieir interpi^taition. Our work 
on these eel investigations has now tended some seventeen or 
eighteen years, with a lengthy interruption occasioned by the recent 
war. The task Tvas found to grow in extent year by year, to a degree 
we had never dreamed of ; in fact, we have been obliged* in order to 
procure the necessary survey material, to make cniises of investiga¬ 
tion ranging from America to Egypt, from Iceland to the Cape Verde 
Islands. And this work has been Imndicapped throughout by lack 
of suitable vessels and equipment and by shortage of funds; indeed, 
had it not been for the priviite support affordccl from numerous 
different sources, we shonld have had to i-elinquish the task long 
since. 

I propose now to give a brief survey of the results attained. They 
are based on dry figures, representing measurements and other oliser- 
vations; yet, taken in conjunction, they give ua at least the outline 
of a life history which in point of interest is, I tliiuk, hfirdly sur* 
passetl by that of any other species in the aniuial kingdom- 

In lt>05, then, systematic investigations into the life history of the 
eel were included in the Danish piograin* The researches we liavo 
carried out since that date fall into two groups^ (1) Investigations 
at sea; and (2) investigations in the laborntory^ 
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Tlie aim of the fomUT wms to obttiin a Eurvey «f the bi'ccding 
grounds of the ee), siinilnf u> that 1 had n:iadc of the breeding plaers 
of tlie Gadoiils in the AliantSc from Iceland to Spuirit^ aj'til tlie stort¬ 
ing [joint ill this ease was the ftnd, already mentionedt of s full- 
gnjwn eel larva west of the Faro® m 1904. We Uoped by tracking 
down the larvn^ in ever vniiiiger stages to tie able to chart the area 
or areas whei^ the eel first entei^ on its existence and at ttiu same 
time to ileterniine the itite of growth of the hirvae and thereby the 
age of the elvers which appear on the sliores of Europe in the spring. 

Tlie second group of Investigations .wn?^ in contrast to the firsts 
carried out on bind in the laboratoiy. It consistetl of a statistical 
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aatnmination of of eels fmiii the greater part of the Atlantic 

area, where fi'csli-water reb occur. The aampteg contained as a rule 
somo SOO specimens, and the nmiiWr of various organs auch as ver- 
tehree and tin-raywas determined in all individuals^ I liave pnli- 
llahed detailed reports of the results of this statistical investigation, 
and to these 1 must refer,* It iiiusL here solFIt^o to lay clown the fact 

pr lb« FTt arcI lltr RpAwnIn^ nf Uu^ OaUttbU Ld 

lb» Ji&rtli AtiKELtIc tram *u S|*la “ rt E'tMbA-V^rriiuE ifii Cpawll 
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tpL Idp 161S, J3p lOlM: furtlnf, "Oft Ihm CiwIflenUKia of fbe rmh-Wmirr 
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ml. -I, no. 7, COfMoiliAipMi. 1W141. 





























PLAtE 






















Snihliiicinliii RvparL I 


PtATE 2 



U «^Daha I- (BW Tomh >920-21 



^ -DANA II- '330 TONS!* 1921-22 
TTfiATIhEMlrRcwurh fblptnnnhiFiHl Iht 

]m-im 










FLACEB OF THE EEl^-SCUMIUT 


283 


tlint mly two spcclns uf frcsh-waler eels could be shown to exist in 
(Jic Atlantic ari^a: A western, ATi^puUa which is met with 

in tlie West Indies anti north ward of there in America imd ^nth- 
wesfi Gfreenlimd^ and an eastern which is dis¬ 

tributed throughout Northern and Western Europe, the Mediter- 
rnnean countries, and the islands of the Atlantic from Iceland to the 
Canaries (tigs* and 15). The eels found in the Azores are also 
Amiuilla mtl^ari^y whereas the rets of llerrmida belong tn Anffuill^i 
rostrata. In exteiTials the two species are hardly distinguishable 
one from another, lint certain nimicrical rharactcre ailord a aieans. 
The number of vertebne in [>articuhir is a valuable character, An- 
^uilla truJgariA having osi an average about seven and a half more 
vertebne than the Aruerican eel (iJO- i14*T against ca, 10L2 €f. 
tig, 1)* If we take the trouble of counting the vertebrae it will be 
only a very few specimens [>er thousand vrhicli can not be referred 
with certainty to the one or the other of the two species. This fact 
has proved of great importance in tbe investigations at sea, since it 
wjia found that the larvae of the European and of the American eel 
are mingled together in oertain areas of the ocean. 

In spite of the enormous area of the European eel, statistical in- 
vestigatioriii failed to ckmoiislrate the esiidence of local races, as has 
been done with so many other species of fishes. All the samples, 
from Ireland to Madeira and from Cypriis to the Azores, yielded the 
same average values for the characters under consideration, 

As will bo seen from the following, this is entirely in agreement 
with the r&suU of our work at sea. 

The Investigations made at sea fall naturally into two groups ^ 
(1) those carried out from the Slate-owned steamship which 

wase<[uipped for marine research, during the years 1903-lillO, These 
investigations, the general purpose of which was to study the repro¬ 
duction and breeding grounds of the principal food fishes, were made 
in Danish waters, in the North Rea* and in the Norwegian Sea, in 
the Atlantic off the We^ Coast of Europe from Iculand to Morocco, 
and in the Mediterranean. (2) Investigations in the open Atlantic, 
carried out in 1&11-1921, but with a lengthy interruption oecasioned 
by the war. For these we were unable to use the TAor, her radiua 
of action being too small They were niade from numerous Danish 
vcJ 5 sels on Transatlantic rout^, with no equipment for marine re¬ 
search, and no experts to assist wnth tlio work, but furnished only 
with a net, and with instructions drawn up by mysself. Though 
naturally of a very caaiml nature, restricted as they were to the 
course of the vessel in each particidar case, these investigationB have 
nevertheless yielded important results, and hearty thanks are due 
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the Danish seamen ^ho i^ntribuled thereto- On some few occasions 
we were able to work more systematicaliy and with the assktajice of 
our own staffs as for instance in 1^*13^ with the schooner Marfiteihe 
belong^ing to the Vendey^i P&okirig Co., and in liH20 and with 
the schooner fMnUt owned by the East Asiatic Go+ In iMjtb those 
easels dt5apite the fact that the vessels had not the special D<piipatent 
of the Thor^ important results were obtained, and the owners^ who 
generously placed them at our disposal for the work^ have highly de¬ 
served the thanks of science. In 1921 and 19^ further itivesliga- 
tions were carried out from the new State-owned research steamer 

Daim II (plate 2). Figure S 
diowa a selection of the Danish 
stations^ 1903-1932* 

I win now give an account of 
our investigations at sea, touch¬ 
ing veiy lightly upon the earlier 
ones, which are dealt with in 



detail in the reports already 
published. 

Following on cruises made in 
1903—1905 with the Th^r^ I was 
able to show (190G)* that full- 
grown eel larv® were found in 
quantities in the Atlantic west 
of Europe throughout the en¬ 
tire range from the Faroes to 
Brittany, we.st of the 1,000 
meter line. TJiey were, liow-^ 
ever, not found cast of this line; 
i* e., not over the coastal banks, 
nor in the North Sea, the Eng- 
lislr Channel, tlia Baltic, etc. 
In .Tune^ 1905, the lars je were 
full grown, averaging 75 muL in length (cf* fig, 2). They oc¬ 
curred pelagically In the upjier water-layers, and were all un- 
metainurpho^d. From these investigations I was able to conclude 
that all the mIs of Northern and Western Europe come from 
the Atlantic, and Umt they comp from the sea beyond the coa^al 
banks. It was thus evident that ilie ed—as also, by way, the 
conger—occupicsi an exceptional {josition among food fishes, inas¬ 
much os I had been able to show that tlie minute larvfc of most of 
these species belonged to the coastal bauks west of the ahurea of 
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Europe, and were not met with farther out. Closer study of the 
great elver fisheries of Western Europe (Bristol Cliannel, west of 
France and north of Spain) supported to a high degree the conclu- 
eiona I bad formed ns to the Atlantic origin of the eel, and I was able 
to point out that both the Briatol Channel and the Bay of Biscay 
served, practically speaking, ns two enormous wing nets or funnels, 



which, facing west, would he $]>ecially calculated to pick up the eel 
fry coming from the Atlantic. 

In lOOfi we made two cruises with the Thor in the Atlantic, one in 
the ^ring and another in the nutumn. On botii these cruises full- 
grown larvio were found in great nuiubers west of Europe, but in 
spring and early suotmer riono of them had entered ttpon ineta* 
2(KJ0T—2S-^30 
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nior^jhofitar wheiuas in Au^st and September the majoritj \verfl 
imderf^in^r the process. It appears, then, that there is a certain 
[jeriodicity in the occurrence of the lareee; the ftill-grown larval 
stages are niet willi in spring and early stmitneri TnctamorplKBL; 
takes place In the autunjn, and the elvera appear in vrinter and 
spring. With the abundance of inaterkl at my disposal, I found 
occasion to make u closer study of the metamorphosis, and was able, 
l»y tiiciins of iiuitierous measurements, to ascertain that the Inrvte, 
during the process of nidtamorphosis, are reduced in length about 
] cm,, from nhont 75 mm. in .Tune, IflOS, to about GO mm. in May. 
1906, and in weight to less than a <]uorter of that before metemor- 
phosis (pU 01, Tite fully metamorphosed small eek, averaging 
about 614 cm. in length, which occur in Europe in early summer, 
must, therefore, be presumed to be about a year older than the larvffi 
found at Uie same time in the Atlantic west, of Europe, whicli are on 
an average about Ti^ long. 

Our investigations in 190C to the west of Franco showed that the 
larvro occurred even over the greatest depths, over 6,000 meters: we 
found, niortoA'cr, tlmt they hcik? ahvjiya distributed in a pellicular 
mnnncr, the specimens which had not yet commenced metamorphosis 
Irting taken farther from the coastal hanks than the older ones, which 
were undergoing the process, Tliis led me to point out the prob¬ 
ability that the breeding grounds of the oet were situated out in the 
ocean far from the coosts (1900) » a supposition which was to be 
further supported in the very next year after it hud been advanced, 
by the appearance of new material of eel Inrvjie from the open Atlantic. 

In a study published almost at the same time (1009)* on the “ Dis¬ 
tribution of the Fresh-water Eels throughout the World,” I dreu- 
attention to the fact that the distribution of the eels in the Atlantic 
urea distinctly coincides with the peripherj" of the great anticyclonic 
circulation of the water masses in the North Atlantic. 

Tlie new materia] referred to—eel larvoj from the open Atlantic 
Ocean—was derived, ptirtly from the cruise of the Norwegian steam¬ 
ship M. Surs in the Atlantic, June-^uly, 1010, partly from some old, 
collections of I^ptocephali which had lain for miny years unei 
umined at the Zoological Museum in CnponliBgcn. Before proceeding 
to this noTv mUteriiil. I would call to mind that the cel krvic—nearly 
800 in all—which I had taken on board the TAorin IfWSand 1006 from 
tlic waters wert of Europe, averaged about em. in length. Tlic 
lacgeel measured 88 nrm. and the smallest fiO mm, (see graph, fig. % 
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p. 284)- As to determining the age of these Jar™ tliere w as notliing 
of any certainty to go upon. 

A highly interesting anfl suggestive article on tlic eel larvic from 
tlie cruise of the A/. by J* HJoit. appeared in Nature^ 1010 

( “ Eel Lnrvic from the Centra] Atlantic ”) J From tliig it uppearccl 
that forty-four col tanrie were talcpn during the cruise^ twenty-three 
to the west of EuiHiftc (north of 40^ cast of 30® W.), and tvventy- 
one s^juth and ivcst of the Azores. The former ranged from G 1/2 ^ 
8 cm. in lengthy and were tlius of the same size as those I had taken 
on hoard the Th&r. Tlic testj however, were coiiBiderably sinatler, 
viz, cm. long (one was 41 min., three wei^ cio^ on 5 cm., and tltc 
ix^mtiindcr between 5 ftnd cm.). The smaller larvm w'ere taken at 
five stations situated between hit. 31 and K. and Iwtween long- 
30® and 48® IV. According to Tljort^s inteqjretation, the twenty-one 
Hina Her lar™ i-eprescnt the young of that year (the <> group)* the 
larger ones those of the prevjo^is year (the 1 group)- 'Fliis Iming so, 
the first-year lan-ie should by dime long, ^iid the fulh 

grottm larvfc of about cm. lengtii should be about a year older. 
Wi til out venturing to assert anything definilt! on the basis of a* small 
a iiiateriiv], Hjort Burmised that the breeding gi'oiinds of the eel 
might be in tlie Centra] Atlantic, lietween the Azores and Berninda* 

The eel Iar\'ffi which, as menUDned aljove^ I found among somo 
old collections of I^ptocephali in the 2kMlogicaI Museum, C-open* 
hflgcn, had been piTkcured by the Danish Capt- A, Andrea, a zealous 
collector of pelagic famm* somewhere about 1805, There were only 
three specimens, of which one, taken near Florida Strait, proveil to 
belong to the American species, the two others being lorvie of 
rniignHs. The smaller of these measured 41 nun- ujul was 
taken in the vicinity of Madeira (lat. M® 2CK Jong. IS® 30^ W.) ; 
the larger, 53 nun- in Iptigtli, was found considerable farther west, 
hit. aliTiut 30® X., long- about 33® W. 

A conijiarison of these tw o stations with the five fi^om the M. Sar^, 
did not make it easier to determine the origin of the larvae; rather^ 
indeed, the reverse. Tlie tw'o smallest extant Sspecimens, both 41mnn 
in length, were taken at long. 48® W, (lljort) and long. 18® 30' W. 
(Andrea) respuctivdy; that la to say^ at a disUnce of about 1,500 
miles one from another- If the^ two larvse were in the first year, 
and had not moved any great distance from the ^|x>t where they 
came into the world, this would mean thut the breeding grounds of 
the ee] embraced Ihe entire eastern half of the Atlantic south of the 
AzoniS. Or did they, on the other hand, indicate that there were 
several distinct breeding^grounds, so that for instance the eels of the 
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Azores had theirs in on© plaee and those of Jtadeira in another? 
If this were so+ Uieti where were the first-year larva? of the enor¬ 
mous hosts of eels from the Continent of Euroi>e? For it must be 
remembered tliat the Norwegian expedition with its effective 
apparatus had taken comparatively very few larvio of the smalk'r 
group, while Captain Andreas large collection of IjcptcKjephiUi con¬ 
tain^ but two specimens of the European ceL And^ finally^ there 
was the natural question: how old were the smallest larva^, 
with tlieir length of just over 4 cm. Tliis question was obviously 
of great importance^ since if the lar™ were some few months old^ 
tliey might have Ijcen carried great distances during that time by the 
oct^an currents, and in such cases it would be imposssible to deter- 
iiiine« for instance, whether tU<? lan^sE found south of the Azores 
had originally come from somewhere fatthor to the east or some¬ 
where farther west. 

Considering these points, I perceived that if the problem were to 
be solved in anything like n satisfactory' manner it would be neces¬ 
sary to oHi^ei-tain, not only where tho youngest were to be 

found, but also where they were notp Until a comprehensive sur¬ 
vey had been obtained as to the distribution and respective density 
of the various sizes of tarvaj in all parts of the sea, it would hardly 
be possible to form dclinito conclusions as to the origin of the eels 
of our European Continent. The task was thus one of enormous 
dimensions, albeit with the consolation that the South Atlantic might 
be disregarded as Iwing devoid of any representativo of the genus 
AnffuUia^ a fact w^hidi I Jiad been able to prove in my previously 
mentioned work on the distribution of this genus tliroughoiit tlic 
world {190S, loc^ cit.)* 

In order to pnweed further, then, it was evidently necessary to 
procure observations from the greatest possible area of the North 
Atlantic, Ai^ I have already sUlcd, the Tk<^r was useless for such 
work as this; I had, thci^efore, to endeavor to procure the requisite 
iiiEderial by otljcr mean^^ In pursuance of the project, application 
was made from time to time to one and another of the DunisLi ^hip- 
owning compafiies wuth vessels sailing regular! 3 ' on trims-Atlantic 
routes, I'cqucsting that the ships might occasionally he allowed to 
dravr a iielagie net for half an hour, and send in the rcsiilting cap¬ 
tures for inv'estigation. Our request waa on the whede very coiir- 
leuusly complied with, and during iho years IlJll-lOlS hauia were 
iijiide at aliout 5i&0 “stations'^ hy 28 different vessels, staamer^s, and 
sailing slups, of Danish nntionality, one of them belonging to the 
Daniil royal navy- A chart of the stations* shows tliat they are 

■^SEaUhOii in tbft AlltnlJc. etc.,** wllh tiro diAHji aod introdu ptiir^ rvcajirkH 
^Itmtr tn. K*EftaJMi«i»rti I£«funilcni3cii^r, S«lii voU &, bo. 7, €open- 
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well distributed lliroughout iha North Atlantic area, I iimy stotr 
at once, that the yield of larvai of tlie European eel muounted in all 
to 120 p This represents about one larva for evety^ fourth or fiftli 
statioii^ a result which must be considered fialisfactoiy- in view" of 
the highly primitive equipment^ the uhort iianls? and the fact that 
a great iinmbcr of the stations wei-e in areas where eel larvK do not 
occur. 

During the best two years (1011-12) the collections of material 
made were chiefly from vessels sailing between the English Channel 
and the Vk^t Indies, but llm yield was generQlly poor, tlu^ lai vre 
from one station being the highest. An encouruging feature, how¬ 
ever, w*iis the finding of a larva only 34 mm. in length at 25^ X,., 51® 
AV., both from the fact that the previous minimum record (41 mm.) 
was thereby beaten, and also Iwcaiit^e the locality ot the lind sug* 
gestcii a place of origin even tnoi‘e to the ^iith aTul west than we 
liad hitherto been warranted in imagining. The material, however, 
was still too small and too spiirsely distribulctl to give us the distinct 
indicaiion we dcsiretl; indeed it is hardly too much to say that Avitli 
each new observation a new problcin arose, demanding a solution 
of itself, ^vUhont otherwise contributing to the elucidation of the 
iniitlev as n whole. Consequently, when, in 1910, 1 published my 
lust report of tlie investigations at sen® 1 wa^ obliged to express my- 
widi the greatest resene on tho (piestion of the breeding 
grountls of the eel, despite the fact that the finds of larvfc in the open 
Atlantic Ocean had considerahlj' inci’eoi^ecl in number as sliown in 
die chart, iflate VI, toi\ 1012. In a siumnary w hich ap]ieaml in 
Xatuin for August 22, 1912, I summed up the position as follows: 

AA^e can not say as yet where exactly I he spawiiing takes place, 
and but little more than that the spawning places must lie in the 
Atlantic beyond the continental slope, and that they must lie in the 
noithern AtiamtieJ- There was one point in particular which matte 
the matter dilficiilt. As already mentioned die it/« Sar» had in the 
month of Juno found a score of Inrvie, 4 to C cm. in length, which 
were classed by H]ort ns belonging to that year (the O group), Ide 
view' being that they had come into the world the previous wintet 
and spring. Our investigations, however, repeatedly gave us hirv^ 
□f the eame size, but taken in winter and spring. Thus, for in¬ 
stance, wo bad three specimens taken early in Docemljcr not far 
from ihe .Azores (station 397), measuring 43, 4#, and 50 mm.] other 
Sfurip]'^ taken in March and April contaiued sjiccimens measuring 
47, 40, 50, 57, and 50 mm. in length. It, therefoic, seemed doubtful 

Dan lull la Use Atluil« AQd >fpdll4.^mnnEi od thp Llfo ElL&tbr^ of th«. 

Fri»ta^Wn tL»r iAnffumn " Intmut. ICoyu# aw tfruinntui llytlrdbfoanla 
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whether Hjort's interpretation uf Ins speciuietis tnken in stiitinjer us 
lieing first jenr lui'V^ eoutd be eorrecit} since If this vvere the case 
one would Jiuve expected to find much smaller spcciinetifi in printer, 
Thera wsia, however^ the [Kissibilitj that both Hjort^s ^utamer speci¬ 
mens and our winter sisecimciis were in their first year, but if so. 
it hod to be presuniod that a re^lar prodiictiou of ova and larvEC 
took plat^ all the yeur round, so that not t!se season* but the locahty* 
i. e.j, the distance from the site of production, would Iw responsible 
for the size of the lurvipp Tliai^ w^cre, liowaver, several fuqt^ wliioli 
spoke ugaiiist the theory of suck uninterrupted prcKluction, as, for 
instance, tiie periodicity in the occurrence and inetamorpliosis of the 
larvee which 1 had discovered on Jioard the Thar in 190^-1900* 
The net resiitt, the rip of oiir invpijtigalions by the olcise of 1919 waw 
that a gi'eot deal more research work would be needed^ since the 
new data obtained bad practically raised new diflictllties in the way 
of an interpretation—ftSp iiidcocl, often happens when an investi^ra- 
tion has parsed beyond the earliest when the paucity of 

facts pve^i freer play to tlio iina^iniitioin 
The year 1913 was marked by important pi^ffresa, Xot only did 
onr Eshing cargo vesseb send us in richer miLteriat, but wo sue- 
oeedecl in jrL^tlin^ the litlle Bchoonci' belonging to the 

Vendsysasl Packing Co., of Copenhagen, e<jiii|>pcd and sent out on 
a cruising espcdilion over the Atlantic* with a supply of nets, etc., 
for pelagic work. Tlic investigations were iairrled out during the 
months of Augi:istr-Dft^mljer along tlie EoUowing three lines : {!) 
From the Faroes to southwest of the Azores (about 28* N., 40® W.); 
(3) thence to the Newfoundland Banks; and {3) from thero to the 
West Indies Tlie yield was 714 larvae of the Furoiiean eel* besides 
a ijunall number (34) of the jVmericam We had now at last obtained 
a large amount of material from the open Atlantic Oooan^ and the 
study of this yielded Important rcvmlta. It w^as very significant, in 
the first place^ that the larvfo increased in iiumbers from east to west^ 
the greatest quantities being taken west of long. 60* W* In this 
area the M4Tr^re^h£ succeeded in taking no less tluin 154 specimens 
atone station (station 1040) wiOi a net 2 in* in dinmeter at oi>ening, 
and one of the sailing ves^b fisJiing for us, the schooner 
Pet^ean^ took 24 sfjecimens in one haul with % small net only 1 m. 
in diameter (station 765), By way of comparison, it may be men¬ 
tioned that our greatest ntimber of larvw per haul in the eastern 
Atlantic* with the far more intensively working Thor^ was 70. 

No less interesting was the of the larvae at the differetit ata- 
tiors. The following representative stalions will serve to illustrate 
this: 
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Size* Qf Ml ierw vttlffariw} at cfnfiOiM fram wt to iM*tt tot^ 
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It will be seen from the above measui^^meEits that the sizes of the 
larvcc decrease from east to west and from north to south- A good 
general idea may also be gained by marking off the Margrethe^* 
hauls on a chart of the Nordi Atlantic, and drawing a ILaa from 
Newfoundland in a southea^rlj direction, toward Cape Verde, It 
will tlien be seen that, west of this line, no larrie over Q cm. in 
length were taken, whereas most of those taken east of this line were 
5 cm. or more, and none less than 4 cm. 

It had now been ^own, by systematic investigation across the 
Atlantic Ocean, that the larvta of the European eel increase in ntun- 
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ber, but decreasip in sikc from eagt to w'ostx This ploocd it hcyofn! 
doubt that the stock of cels m Europe mo^ !mvo ita origiu iu an 
ujTfl Situated far to the west in the Atlantic Ocean, 

The ijuesiion now was, what further conclusions could lie drawn 
from llifi Avealtii of material obtained from tlie Margreihs^s 73 
stations, comprisiug as it did, apart from birvic of the frcsli-water 
etdj dose on 10,000 Inrra of other eel fishes. 

In October and XovemljcTj and the carl}' part of Decembe^;^ 1913, 
the .^/arffnethe was working in die wcsteni part of the Atlantic, he- 
tiveiui Newfoundland and the West Indies, in tlie course of which 
cruise tlie northern and southern limits of dirtriimtion of the larv'K* 
of the Eumpcan eel were detenuined. They w^ere found to occur 
fiTjrn about 40® X. latitude (a bare 200 mili^s goulh of the X'ew- 
fonndland Banks), to about 24* X", latitude. To the westward speci¬ 
mens were found as far as our investigations reaelie<|, viz, to Ber¬ 
muda and the sea to the £iOUlh of there, i.e+, to about 65“ W. longi¬ 
tude, and even here they ivere piTSent in gi\jat numliers. This was 
an astonishing fact, for one would hardly have expected to find the 
larvjT of our Euix>pcaD eei as a numerous pupulution in Atlnntic 
waters so far west as 65'^—New York lies about 74^! Ijarva? of 
the American eel were also taken in our nets, but in remarkably 
email numbers, amounting to only soma few (S-4) per cent of the 
total ntimbcr of AnffuiUa larvae‘ Here, again, a new problem 
arose; for how could it be that Bermuda was, as it were, surrounded 
by a belt of larvar of the European eel, when all the specimens of 
fre.sh-water eels I bad previously examined from tbesc islands had 
proved to Iwlong to the American rostr^tfif It was not 

until several years after that we were to learn the explanation of the 
mA’atery; the time wiis not yet ripe for its solid ion. 

We now come to the size of the eel hirvfe taken nn the cruise of the 
The smallest cel larva hitherto known waa, it will be 
i^emembeiTc!, one measuring 34 mm. in lengtii, but t\m was only 
a single isolated find, and did not count for much. On the other 
hand, it was to be expected that the great mass of nmterial from 
the A/ar^rethc^ i^stcmatically collected as it was* would fuiuilsh 
valuable data as to the size of eel lan^se in autumn* We were, of 
course, sttU witliout any answer to the important question as to 
whether larva were produced iminterruptedly Umjughoiit the year, 
or if a particular seaaoii of the year could be defined as the breed¬ 
ing season of the eel. Not until these points were settled sliould 
we have anything to go upon in judging the age of tlie older iaiwa 
from the central and eastern Atlantic, 

t*rt» *f ilH3 ABbfrElmEi «l WM.i la t002 Sy Rlp?laCR*n« ftnfl Kt^-nrb'djr 

two upedoifcai, 47 asa 45 cldi. |q kktuta |>y tbp U. B. S. AiMrpu I 13 

nt otwral y. UK. 72*-T3* W. Ung. (imn, S ViMh CocmilulDO. XX f, lEWSK 
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The i^riiphj station 1040, Figure 4+ gives a gwd idea o£ ihe »ize 
of the lar™ in uiitumn in tlia irestem Atlantic^ In the first 
pJare, it wilt be seen that the mnallcst specimen was IT mm. Jong 
only—a marked lowering of the previous minimum record of 
S4 mm.—biit^ despite the intensiii'e fisherj^ only a single specimen 
of this smaU size was taken tliroughout the whole cmise, and only 
a very few slightly larger,, 2-3 cm«j amounting to 1-2 per cent of the 
total number. Furthermore, the graph aho^vs that an overwhelm¬ 
ing majority of the larva; w^erc of sizes varying l>ctwecii 3V& 

4^ cm. in length. (As mentioned above* no specimen over 5 cnx 
was taken by the Mar^rrthe in the western area* west of the line 
referred to on page 20L) 

These facts, in my opinion, warranted tha following conclusions: 
The spawning of the eel can not go on Tcgularly througiiout the 
whole year* there musti in autumn at any rate, be a cessation or de- 
creaiso in tl)e production, otherwise we must have found tiny larvai 
in greater numbers at this season. Even though the time w-hen the 
cels did spawn could not lie determined W'ith certainty, the size of the 
law® nevertheless reiidercd it likely that they had come into the 
world during tfic lirst half of the year 1013* We were dealing, that 
ia to say, with larvec in their first year (the 0 group), and these 
were as we have seen about 3*^ cm. long in the autumn. 

Since tiny larva> wen\ practically speaking, unrepresented in the 
MarffTfthe^s oollections* it was impossible nt that season to determine 
with any certainty the locality of the breeding grounds^ since if the 
lan^fle ^vere even a few months old—w^hich nms^t seeui probable—we 
could not overlook the possibility of their having been carrictl by 
ocean currents far from their place or origin, A cal nil at ion of tlic 
iiverage length at Ihe diflferent station;^* however, w'as not without 
interest in this connection, the differences, aUhongh not gi'eat, being 
nevertheless beyond doubt. The lowest average lengths, for instance, 
were found at stations situated abo-ut latitude X, longitiido 55* 
W.; from hore the larvoe increased in size both towai^tl the north and 
toward the northwest (in the direction of Bermuda). To the south, 
as mentioned, the larva? were entirely lacking. 

Til is was, generally speaking, the result of the wmrk of the .Ifar- 
^rethe on her cmlso to the IVcst Indies. It lizid l>een intended to 
spend the winter in fisheries investigations at St. Thomair, and then* 
following up the work of the outward voyage of the to 

continue the eel inv<^$tigations during the voyage home in apring. 
Fate, however^ ordered otlieriviso; the Mar^th^ ran aground on 
one of the West Indian islands and was wrecked, 

ITie collections, fortunaloly, were saved, but here we were at St. 
Tliomas with no ship. The only thing to be done for tlie moment was 
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to cpdeflvor to press forward^ the work hein^ done ivota the trading 
vessels- We had now, of coursej some definite facto to go Ufnm. ’Wc 
knew that the tiny Juryse were to be sought during the fir^ half of 
liio year, and the i*ecord specimen of only IT mm. length, already 
frw|Ueiitly referred to, would also be a good guide* I was now able 
to issw instnictions far more precise in chanirter than hitherto, botli 
as regards tinic and place, and also the depth, to be chosen for fish¬ 
ing. Through the very griusrous oooijeration of the Kast Asiatic Co.* 
fpf (.'openhngen- n considerable number of hanlis were taken in the 
spring and gummer of 1914 by at earners of this line on the West 
indices TtiiUe, and tJtese did not fail to produce their result early 
as Junct the stteainsihip anil steamship /ihUtm^ bmuglit us 

plankton samples, taken in ^^ay and June about latitude 3U^ N., 
longitude 55“ IV-j all of which were found to contain larvse of the 
European eel, for the most pnit tiny stages. At one of the stations, 
for instance (station 7^9j 8/5,1D14) seven specimens of the following 
lengths were taken: D, 9, 11* 10* 10* IG, 21 unn.* e-* an average of 
14 mui., nnd another {station 793. ll/G^ 1914) yielded eleven specie 
nieiM averaging 18.L mm. In ktigilu 

r>n returning from the West lndii»ti we set about endeavoring to 
get another schooner to work in place of the but then 

came the great wnr, and all piftns for further researches at sea had 
Ur l>e laid aside. The work of the trading vessels, however, wa-H 
maintained during the first years of tlie war nnd continued to yield 
valuable infomintion* In 1915, for instance, we obtained confirma¬ 
tion of die fact that tiny krvie occur in snnuner* and a sample 
tiiken ai the end of September* 1915, contained eigbt specimens of 
alwut loug, i. e*, of the same size as tbose taken by the Mar- 

{/rftke in the autumn of 1913. As the vvar increased in c^iteut, how¬ 
ever* our collecting work died out. and several of the veiisels whirli 
had been ngaistiiig us were sunk by submarines* During the next 
five years, therefore, from 1915 in 19S0, the investigatiDns at sen were 
altogether at a standstill t I wiis ablfe^ however, on the basis of mate¬ 
ria! from the western Atlantic, to work out a di'^&cription of the 
development of the larvae of the two Anf/uiftn species and a f^t^rles 
of other Atlantic nuinenoid.s {lOlG),” Tlie laws? of the European 
eel were now known in all stoges of development, from iliat of 0 mm- 
up to full-grown larvae aveniging 7^ cm* in length, and in their 
mctaniorpho^ic stages, I was also able to de^ltTi^>e the development 
and metamorphofjis of the larvoc of tJie American eel, which pi^oved 
to l)c considerably smaller—1 cm. at least—than LliuL of the Euro¬ 
pean, in a fully grown state. 

« On tho EmtIj LArnl StiLr^ of Itw PrtBh-W&tcr E^m (Ifwiifna) iiti4 mim Othtr 
Xnrtib AtlAQtl^ AluTHni^Ldi H^dvlclptr fim KonmiLulanHB for llM¥nnd^nrf5#tl*r* 
Vlpkerl,"^ Vol* V^ % Ct^pcmtuisPB. IfllflJ. 
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The fifw iii€tiiinfirpliosie of iUe Aiin^ricafi eel 1 had at nij 

1 had found in a eolleetiun of tuuneiioid larval fTom a cruise 
of tlic L nited ^SlatcSi ship sent n:ic hy the United Stntes Com- 

inissionev gf Fisheiies* Dr. Hugh .M. Smithy of Washington. The 
work of the Backe was carried out in ikmunrj', Fcbruaiy, and 5£iirch^ 
1914^ in eoDDCction with the prognini of the International ConncjJ 
for the Study of the ScHt in the Gulf Stream area and along two 
sicctions Ijetween Bcnuncla and the United States coast* The col¬ 
lection consisted of several hundred muiienoid larvae among which I 
found 37 sppeeimens belonging to tlje genLis Ariffiiina^ taken near Ber¬ 
muda or in t]je waters l>etwcen theiT and the United States, Closer 
ami II at ion showetl that only ti of theie 37 l>cloiiged to the Ameri- 
€iin s]>cojes^ the remainder heing larvic of Angni/f^ 4-5 cm. 

in length. Thus the collections fixim the HetcAe furnished additional 
eTidcnce of the iiiyifterioiis fact thiit^ a$ xve had shown in 1913^ thd 
larviB of the European cel muy^ even in the American waters of the 
Atlantic^ pre<lominate grcfttly over those of the species of eel which 
has its habitat in America, A remarkable feature of the case was 
that at more than one of t!ie BacAe^^ station^^ as also of the Mar- 
(/reike\ hirvffi of Itoih sijccies were brought np in the same net at 
the same time. 1 shall later^ In dealing with the investigations 
undertaken by the schooner return to tlihs point, which I found 
altogether inconiprehensihle at Lhe time- 
The collections of material from trading vessels had* in the five 
years they eoveretl, iK^en of great assistance to us, first and foremost 
hy showing in what part? of the Atlantic eel larva; were to l>e found 
and wlicre they were lucking. We w^erc^ however* indebted to them 
for more than this. During the last tw'o 3’eara during which such 
collections were made—1D14 and 1915—tin* Wv^t Indies stemners 
hud regulurh'^ brought us In larvae so ^mall in size that wo w'ei c able 
with pcrff'ct certainty to conclude thorefrom that the steani^ip 
niute from the English Channel to St, Tlmmns must pass thmngli 
tho breeding grounds of the cel. Tliis wag Indeed a point of tlic high* 
est importance in the task we had before to chart the spawning 
area of the eel, Sldpa hound to follow' a certain particular route, how¬ 
ever, could no*, of course^ n^hi iis in nseertaining the Ijoundurira of 
such an areii. Altogctlicr, nmtters were now so far advanced th.at 
tv6 could hardl\" expect to gain any g^e'^t further advantage from 
ca'ca^lonal hauls hy tiiiding vessels. For the work now^ to Ijc done 
we needed a vessel specially eqsiippoch which could be employed on 
tlmt work all the time^ and follow any course laid down^ as might 
seem dewiruble from the insults of cTcpcri examination of the material 
on fward from one station to another. 

Our endeavors were according^ directed toward this end as soon 
as Ihe war ceased* and it was possible once more to think of work 
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at s<mih The pkm mat with gi‘eat cUniaultles, but, cn the othai* liEiiidj 
wore EstrcrJigly fiupporled in various private quarters^ both ivith 
flnaneial help and in other ways* i^arlicularly cllective was the 
assistance here rendered by the East Aaiutic Ck?., ot Copenhajgeni 
which I have already had oecasion tu nientinxi in a like connection, 
and whoso director, Mis Excellency H+ N* Andersen, placed at our 
disposal H. vessel, fully ready for sea and actualiy at work, the four- 
masted motor schooner Dana, of 550 ton^, for the purpose of these 
investigutioniN 

With the schooner Dana and with the steamship Dana we have, 
during the years 1920-1022 made hauls at a great number of sta¬ 
tions. Most of the stations were situated in the western Atlantic. 
A great quantity of material was obtained; this has not, how^ever, 
yet t)eeTi dealt with in detail, especially the yield of 1021-1922. 
The tniirntioid tsggs have not been identified as yet, and I have there¬ 
fore liccti unublc to tnkc them into considerationn^^ For the purpose 
of mapping: out tlie breed mg grounds of the eel I have employed — 
as previously when dealing with the Gadoids—the earliest larval 
stages, less than 10 iiun^ in lengtlu These arc sf> tiny that there 
can be no question of their having moved any conaidcrahlo diManec 
from the spot where the eggs wore spawmed* 

These tiny larvfe were found at a considerable nii tuber of stations. 
On marking these off upon a chart (fig. 5), it wdll be teen that 
the breeding grounds of the European eel form a continuous area 
situated in the western Atlantic between about 22^ and Lati¬ 

tude and about 4B° and W. longitude. The central portion will 
be found to lie alxput latitude SG“ or approximately equidistant 
from the Tjccward Isles in the West Indies and from Bermuda. 

It is on Che 1920 investigations in particular that tlio chart is 
based. As to how far the area may vary in extent from one year to 
another I am unable to say. This much, however, is certain, tliat 
tiny larvie, lej=a than 10 mm. in length, have now been found within 
this urea in no fewer than five different years, viz, 1914, 1915| ItlM, 
1921, and 1922. 

The ptosition of the area will be seen from the charts, Figures 5 
and G, where it is indicated by the heavily drawn curves, which I 
have termed the 10-mm. line, as marking the limits of occurrence of 
larvie Um than 10 mm. m iength. Similar tines have been drawn 
for the 15j 95, and 45 mm. iiinils, taking all o-ur finds of cel larvsc 
10O4r-l92L into ronsidcration. I shall revert later on tn these curves 

^ Slacc It haa bc^iiE i^utfiKlAQcd 1 rb^tbts^ tlw rl|w € 3^3 of thv ced cvuIjiJd nil KtobulOi T 
Oiiir idpiUIdq in thN cantLcci:tein UibC tha remisnatii ei>f tbfr folk biic fautiO In thic i»T]L«t 
larTMl pmi^ lo CEHitBln ■ Uuft. qulto dUUiurt olt {in Otf. 13 (haw. 

Ijig ^ prdaria). Till* oibHnrmU^a CenfluM the ecmdeiiSDiL httIiviJI, At bjT T, W'ecQfM 
Kultnii Id l&OT rrckoi ttie af Lh* oTBrlflji nt iIm* fitJ. 
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and the concliisionB which they warmnt in regard to the trans¬ 
oceanic fuigration^ of tlie larvae. First; of all, I propose to deal with 
their oocurrencc oti the breeding-grounds in tlie western Atlantic^ 

In the latter half of April, the average length is about 12 mm.^ 
ill Maj^ June^ and July, it is increased, but in each of these months 
specimens less than 10 mra. are found. From this w^e may conclude 
that the spawning season of the eel comnicnocs in late winter or 
early spring and lasts to well on in summer* In autumn and early 



FIQl if.-^EampemDi Eel fJn^uflCa rutf^ariM) iLod Amertoiti Ret rnifv'afql 


RmHiInK Arm* Add dlitHdtiClim at lanw eliofrii bj* cdetim (dotted fAf Ibe Aiaetlcui. 
ccDtlndciari for tlifl Rurapean bfATlIjr^mirtk Itiilcmovl cdETPH fudlinoe 

tn'ui er tbe I wo ipKlnr 11 h curvcfl iliow llnilt* of miirr?dce; L tr., 
epoclin'rafl lemi tfaflu IIG inni. Iti. Eentflb. hm-ra Oblr Ldtid$ tlio 23 tnm. comik etc. 

winter tiny larvi^ were not founds as mentioned when dealing wdth 
the investigations in 1913. 

Hie Dam stations from June.} 1920, w'lthin the breeding aren 
3di!lded liirge haulS} which gave us an extremely lucid picturo of 
the larvie of that year (the O group) which in June averaged about 
25 oiuL in length. By way of eicnniple we may take a haul of two 
hours’ duration at about 50 m. depth, station STl (lat. 27® 15^ N., 
long, Gl® 35^ IV*) on June 27, 1020. Tlic contents of the net when 
drawn on board presented a remarkable sight* Of the pelagic forms 
it contained the great majority were lawn? of our European ecU 
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A count sliowed close upon BOO specimens (reprcKliiced here in the 
photo^rraphj PJate 4, meRsiiremerits in the S)* This 

one liRu] alone gave us a greater number of specimens of eel 
larvae than had hitherto been obtained in the whole course of any 


expedition. It affords us, in conjunction with many otlier hauls 
from the Dana stations, a clear idea of the enormous quantities in 
which the young larva? of the Kuro[>ean eel are present here in the 
western Atlantic. 
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As nientionedT tlie averagu length in Jnnfi was about 25 min.j and 
the great majority of larvio of this aizo were found to occur near 

the surface—from a depth of about 50 m. to the surface itself^ 

The younger larvie (T-15 mm. long) were taken somewhat deeper, 
at depths ranging from about 300 to abf>iit 75 m. \ but it must be 
borne in mind that the depth of the ocean here i& over 6,000 nu 

Wo jnay, Uierefore, assert that the larviE of the eel^ even at these 

early stages of developmentj am true pelagic orgEmisms, pertain¬ 
ing to the upper water layers, as the lfK)5 Investigations bad diown 
w as the case wdtb the fitU-grown krva>. 

A closer investigation of the sizes of the larva? from the Dana 
stations in the western Atlantic h of interest. The figures prowidB 



Snc0 lAmQ cnOttil Eh a ilpete ^Ul pf twa tiDun' duration At ** Dp&a"* itAtlQn STl 
(laI, 27* IS* Sf.„ 111* 33' W.l Id tllit wMI«rn AtlatJtlc, Jpoe 2T* 1D20: dfiStll 

AlHPaC E» IP. Jan»ij Mul aa tha% r^rofoted In fig. 10). Tte InirEc^t M&tcimetM ahown 
Ea the I ^Ewip, lihe icnuilcMler fa tlm O ffrPU^. 

a far sounder bask for detennining the age of the larvie tliat we 
had before. Figure 10 shows the sIkos of the ^'otingest year class 
(the O group) in April, 1021, and Figure S the O group in June, 
1920. The measurements from June are from specimens token in 
a single hatib If we include the entire material from the Dana 
stations in June, 1D20, we lind tliat the O group varies from T to 
37 mm., with on average length of nbout 23 mm. We have a very 
large quatitity of material from the ibonth of June, between four 
and five thousand specimens, so that the averngo length of the group 
for this montli is determined witlt a high degree of accuracy. 

Xow it has been noticed for several yearSj that in spring a few eel 
larv», between 40 and 60 mm. long, appear in or near the spawning 
area in the western Atlantic. In June, 1020, also, some of these 
larvm—78 in all—were token by the DanCj more especially in the 
northern port of the area. 



















PLATt 4 



LARVA£CAUaKT IPt A SlHaif HAUL OF TwO HOURS' DURATION AT ^'OaHA*' 
^AT^Of^ BTI (LAT. 27" (S' N., LoHp. 3S' WJ IN THE WESTERN 

Atlahtio Haul as That Represented m the Graph. Fio, B. 

BELOW* A Ir-GRDUF SpeoikeN, LENGTH 74 MM,. FROM THE EASTERN 

Atlantic, li Shown for Comparison 
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The meftsurements will 1» seen from Figure 8, showing one, and 
Fiptire 10, showing three of these hrvE among the O group. Tlie 
graph, Fimire 0, also indicates the lengths of the largest specimens of 
the (1 gronpsi which, as mentioned, enriw! at this season from 7 to 37 
mm. It will Ik* noticed that the millimcttr scale shows a distinct 
interval between the O group and the group of individuals between 
40 and oO nmi. In June it lies about BS-io mm,, being tlien but 
slight 4 in tile spring, on the other hand, when the O group is much 
smaller, tiic interval betivcen the two groups is, of course, far more 
pi'onounced (see fig. 10). There can thus be no doubt that the group 
of 40-50 mm. length represents the remainder of the previous year- 
class (the I group); individuals which have not yet succeeded in 
moving any oondderabla distance from the breeding-grounds. In 
Figure 9 then, we have the uppermost portion of the O group and 

the lowest portion of the 1 
group taken at the same time 
and place; the figure thus 
serves very Batisfactorily to 
show the limit lictween the 
two year-classed in the month 
of June. Tlic Dana stations 
in July, 1920, also, in the outer 
parts of the breeding area, 
show a distinct interval be- 
tiveeu the O and I groups; 
here, liowever, it la found a 
little higlier up the scale, on |f,g_ o.—Eei (Anfitiua r«liiaH»i 
account of tlie growth which wsBirm auii»u« <wBit or so* i^mt. w,>, 
lias taken place. Even in Sep- ’**’^'*'* 

tember there is a trace of what 

is probably the same at the Mafffreihe station 1027, south of the New¬ 
foundland Hanks, the interval in this month lying at about 45-47 nmi. 
lengtli (fig, 4, p. 291). 

We are now enlightened os to tlie ^es of the iarvae in the western 
Atlantic at the different seasons. The larvso found lie re, i. e., west 
of long. 50“ W., are almost without exception under ,'50 mia. in 
length. They belong to the two youngest year-classoa, the O group 
lieirig by far predominant in point of nnmbera. Its average Icngtli 
in April is about 12 mm., in .June about 25 mm., and in October 80-40 
turn. During the second lialf of the year tlio bulk of the O group 
rnoTO away from the breodJug area, but a number of individuals— 
the niinihers varying from year to year—do not manage to get away, 
and wo And them, then, in tho spring and early summer as the 1 
group, especially in tho nortliem part of the area, about latitude 30“ 
X. In June, 1920, the average length of these was 48-44 mm.; in 
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other years they Diay be a little larger. They reprint llie last or 
youngest portion of the I group, tlie great majority of which have 
already moved away from the area. 

From our inveiitigatiuDs with the T/tor in lWo-lIK)i, it wiU be 
remembered tliat the full-grown larvw oeeur in early summer out¬ 
side the eoastiil banks to the west of Europe, They vary in length 
from €0 to 88 mm.; in June^ 1005, the average was about 75 mai. 
(Hg, 2). In the same month the great bulk of the O group, average 



FIjd. 10.—ls«t 

Wi»tfm AtlADUf iwi^t U# W lOJtpt, W4, StflUoiu D3S-a4S, ApfU^ 102J ; 

0 fftvnp mti*l IlirM of 1 Rr&up. 

ing mm« in length, Bre still on or near the breetling gruiinds. 
During the jtfurney, then, from here to the shores of Eurojje, these 
larvte grow nn an average 90 mm. Plotting the lengths for the 
different months in a graph, wa find that the tarvie take on an aver* 
ape two years to grow so much {fig. U). The full-grown larva in 
Figiirc 2 from Jana, 1005, thus represent tlte U group, and are, on 
an average, two yours older than the 25 mm. larv® fn>iii the western 
Atlantic s1>own in Figure 8 and on Plate 4, 
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The inlerinwliate year-d«.ss—the I group—is, judging by ihe avaih 
tiblc data, to In! fotind diiring early summer in the central Atlaiitif, 
between ulj<jut SO® and 20“ W. longitude, its average length being, 
then, oO-.’iS uun. Our trading vessels caught them in May in quite 
{'nnslderable nuinbci% atid there can hardly l>e any doubt that it wan 
this I group to which the score of specimetis taken by the }f. Sar» 
e\|x>ilition in dime, llHO, to tlie south and west of the Azores, really 
belonged (see p, 287), Later’m snnnncr I group larvie have been 
taken IwlU by the Marijrctke and the in the iieighbnrhoud of 

the Axore®, and in February by the Thor near Gibraltar, the average 
length here Iwing about fiC-67 mm. 



We can now draw' op the following table, showing: 




Ywelas 

1 CcRtnl jHrilbin 

]^iuai£ ifl mm. 

\ _ 

ATvnn 
IcBKtE 
ia lam. 


\Vf*lim iVtlpUktiC_ _ __- 

7"^^^ , . . . « M f i r 

i ^ 

1 PCHIJl 

i "fftlnil Atiltnlkx . . ii.„ ^ r r ^ r :rx ^ r ^ . 

■eFaLmil 74.. ^ 


] | OfTFtlll. . , - . 

i CHl Earopr _ ^ _ _ - 

_ _J 

TA 

^jil clrtwEi. ._ 

From uhJ ta»ck4ih 

Ekirt Jijdt MjrtwinwplUlici^ 


Thu tsds, thed, in spring:, tlieir larvws tak« on hh uvcnigB 

silxiut two Tears to attain ful] larval mui nearly tliiMfe years 

elai>se bafora the tnetamorphusis is canipkt^. The elvers, whicli 
make their a|>[>earance on our shprea in spring, will aTOori!iiif»:ly be, 
on iin averrt^^, about thrwi years oltl. 

The ill list ration, Plato 6, Figure 2j shows the same as the table 
above. 
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Kov^rtiii^ now to the distribution of the various inrval stages in 
the ALlantiCj let m giants once more at the charts (figs, 5-T), 1 may 
supplement the indications there given by noting here our northern* 
most, EOTithemmost, westemmostT and e4Lste inmost fmcls of larvEC 
of the Esimpean eel: 

Larvir ihr Cfl (-4n//umo 

NprUicttijiio^ rtnd! Lat 61* X., lang. w, (Th^r). 

BcmtbprtilnaKt llhil: LaL. 20* 14' N,< loni^. 03'‘ ri-p»njifcbflr}. 

Wi^tpmmuPt and: Ljaag. 7S* 43' \\\f laL 3S* 42* N. (Band //>, 

Earitommost And: Loog:, 35' E., lat 3S* 07' N. (TRor). 

ITie result may be biiefiy expressed as follows: The larvic were 
found all across the Atlantic Oceans coastal waters excepted» but 
only north of the twentieth degree of latitude north. In the eastern¬ 
most part of tlie Atlantic they extend northward beyond the sixtieth 
do-gree of latitude. These facts will give an idea of the enornious 
extent of tlie area in which larva; of our European cel occur. 

The starting point for the transocennie migrat ion of the lan ic is the 
area encircled by tlie heavily drawn line in the charts Figures 5 and C. 
If the annual production of eel larvae only occupied a very brief 
period^ say one months and provided that all individuals camo from 
the same spot and made G<jual progress^ alike in their growth and in 
dielr movement east ward ^ then it would bo an easy matter to indicate 
the position of each particular stage of deveiopmenl m the ocean by 
curves representing the average lengths of the specimens. Am it 
neither of these conditions is fulfilled, and it is difficult, therefore, tu 
draw up a clear and simple chart of the material. After various 
experiments in (his direction I have adopted the method of noting 
on a large chart the mitiimum length of the specimens found at each 
station, these values being then used in constnicting tlie curves shown 
in Figures 5 imd h. Tlicse curves are to be undcT^tood as limits of 
occnirence, i. e., specimens Jess than 25 mm. Imve only been found 
within the area amhmeed by the 25-inm, linOj and so on, 

Tlie chart gives the main sum of the couclusioitis to bo drawn froni 
tlie niatcriat collected in the course of years. The posit ion of the 
curves clearly idiow s that the principal reoultant of the movement of 
the eel l&rvse from the breeding grounds is directed toward north* 
east; tliat is to sajt towartl Eiirojie. It w ill be noticed that there is 
also a certain movement toward the north and northwest* From the 
data available it is not easy to determine in what direction the main 
ImkIj of tJia lame commence to move. From investigations with the 
Dannj in 1920, it might seem as if the majority started with a north¬ 
ward move and did not turn ca^siward until they had reached several 
degrees fartlier nortlu On the other hand, our investigations of 1913 
with the AVar^retk^ isceiii to show that great numbers of larvie can 
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take a more direct northeasterly course from the breeding grounds- 
The probability is timt diiretences will be found to occur in this 
respect us between one year nmJ another and also as ljetw€?en differ¬ 
ent parts of the breeding grounds. 

Anyhow, tJie result of Itie movement is that no full-grown krvje 
of the European eel arc net with in. the western Atlantic, M ah 
ready mentioned^ it was altogelher exceptional to find siiecimens 
over 50 mm. in length wcast of 50^ W., and we have never taken a 
single one over CO mm. in this portion of the ocean (cl fig. I). 

During the initial period of our investigations in the eastern At¬ 
lantic and the Meditermnean we had no occasion to concern ourselves 
with the American eel (Anguilla roilrata) and its larvtc. Later on^ 
hownver, circumstances changed, after it was found that our re¬ 
searches in connection with the European species would have to l?c 
extetided farther west. Tiie collectiona here made by tlie trading 
vessels, and by tlie Mar^reihe, m brought us already certain 
specimens which, though outwardly indistinguishabk from Lept^- 
cepA^im breviro«tm^ provctl, on being tested for number of muaclo 
segments {myomeres), to belong to the American eel. Ttiese krvie 
were taken in tlie same area as those of the European species, oven, 
indeed, at one <ir two of the Marffreth^^g stations, in the same haul. 
It w^as with mingled feelings that we noted this fact, since it involved 
a further ctmiplication of the eel question, which at. this point seemed 
more intricate than ever* Technically, also, it increased the diffi¬ 
culty of our investigations, since the only means whereby the lurvie 
of the two species can bo distingiiiahed one from the otlier H by 
counting, under the microscope, the 104-120 myomeres in eacli in¬ 
dividual specimen—a very lengthy and lalHiriou^ business, especially 
on Ijoard a small vessel at sea. 

After the cruise of the Z?djur, in 1920, I look upon the matter in 
quite a different way. True, the technical difficulties have not dimin¬ 
ished—I have in mind the counting of myomeres in the tliousands of 
specimens obtained on the cniiae — ^hut the comparis^m of the life his¬ 
tory of tile two species which our investigations luive enabled us to 
make is, to my thinking, one of the most interelating chapters in the 
hist^iry of tile ceL Indeed, it is hardly too much to say that the life 
history of the Euro|>can eel can only be pioperly underkood at all by 
comparison with that of the American. This w ill Ijo seen from what 
now follows. 

At the Dufm station 827, southeast of Bcrniuda (30'^ 47" X., 32® 
27" we made a haul on June 13, 1520, at about 25 meters depth* 
bringing up 150 Anguilt^ larva?* Tliese were measured, as usual, as 
soon as po^ible after preservation* giving the result shown in Figure 
12, A. Believing that we had here solely to deal with Lepto- 
cepkalm breviro^tm, we naturally regarded the haul as practically 
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reyresentutive of the. young^sl year class (tho O gl’^nlp|^s and fi 

of greater length than thts mnjnrily would siirnply be re^ 
garded ns bom fsomcwhal earlier tlisin the res>t. On cnmiting the 
ijiyniiieres of Llie. wliole biiteh^ liowever, ivlutli was done in tlie 
ctnirrrC of the next few days-, we iiriivetl at an allogelher different 
mtult. aitd one wlisdi is of interest in more than one respect. It was 
iWAv fijtmd thnt out of the irul s|>eei]iienK« 04 l>elonged to the Atnerl- 
eun eel and r>tfc to the European eel. KIkiito 12* U and C. givi^s the 
respective values sepaiaitely shown. They are now seen to Imve an 
entirely different tneaiiing* The specimens of both species am of the 


Vtil. 1^—Kiirqpraa mf^rurljij uhI Auerkaa Eei rMlrslal 

n\m ef ^rrw Ieddi ulnv tuul At ^ Okba" KlAikHi 8^7, 30" 41^ N., £7' dc-t'tU 

A.—af iQtai cmlch. B ind C.—Ladlvldnali u La A after tliflF hlviitiaca- 
l|Aa Ilf iipraaH of ctiiimtlne the lajroQieKiL B.—AHgiriiha rfi*lrato, all o^f thi 0 
c — Aii];wUla two mt Lh* 1 «rabtp, |he reomlikler of the 0 RrciuEK 

cinTent year elaa; (tlie C) group) ^ but those of the American eel are, 
on an average, larger than thtseof the Kurcipcan. From ihis we may 
ciinclude that the former species must spawn earlier nr grow' more 
rapid IV than iho latter. Furthermore*, we notice that the two speci- 
Jiiens of the Eiirnpean eel of 43 and tnin. are ^ much larger than 
the bulk of the s]M!cimens Uclonging to this species, that they luudj 
be supijoscil to be leftovers from the pn^vious year (the I grotip). 
I'll esc toncrlusinns were frecpiently aniiirmed us the cruise went on. 
Plato l> shows, in the form of uii illustration, the contents of a 
similar ImiiL Uoth serve well lu sbo'.v how delicate an analysis is 
uectie^l in the classification of material before it can be uiani m a basis 
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for biological conclusions. The foUoTvmg figurcis show the nnmcricaiL 
proportion between tlie larviie of tlie two species in our coHcctions: 
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Tu all the ciiJlc^ctions the EuropeiLn cel predomijiali=!s^ even hi ilie 
iipstern Athmtic. ^Ftiie is |KKsibly the case also in reality. Tlic 
ccjlleclions con hardly Im? taken as pmperly representative; in all 
probability that of the /Jamt (10*2(>-21) is nearest the true state of 
things. In any case it is interesting to note that iUc I/ana^s Jmuls 
in tlie wcsiern parSs of the ocean (west of SO"* IV.) j^ielded several 
times as many Jar^'a^ of the Emtipean as of the Anicrican eel. 
As far as can be deteriikLiiGd from the incomplete statistics availal>LeT 
the anuual yielil of the et;! lisheries in Eurfi[W! is seveml tiroes timt 
in jiViiierica (in Amei'ica a little more than 2,(AJ0 tons, in Eum|H! 
more than iOHtKHl tons). 



Fic. IS,—FrrJ^TTn nf EQn>iN'nn Mti|iirr;fq rvfvQriMt. liny X TOO lortm 

gf wiflt out. IjrtTirtJJi Dl»»at a xjiiD. ** Ch^un H.’" SraL 1331, ST' InK S , 55* 
loojr. W. Kill- dimfloiiJHH (n^lh. ttic ry£-, ihv <slt-prlciSntft 

nmi thi> iitertiiimt cn tlw^ ^utUkl j>cirtlJ7D flf tbo rfnl^rjsnf? flPi, ^DrawtnK br 
JL V, TinlPF, M. Sf.J 

As in the cajie of tJiii European eel, I note here the mreme limits 
for our finds of the tnrrte of the American species. 

l.on'tr of the ^mrrfraiii «J fan^unie nMtrtftu} 

Xorthemmoi^t Butl; Ijlt, ■13'" 10' N,, loiijr. 60" 22’ W= (3Ior0re^Hc). 

SntltheniDiOfit BniI; tjit. IT* Ki' X„ lotilf. M* 4 S’ W. (n«j|q). 

«*(-<«?rntuiijil rtnij; l^ug. Si* W W.. lat. 1*0* 08’ N. tt}om //). 

EaHU^ramoKi Una: Lous, W '£1' 11 '.. lot. 42 * 10 * X. (itarirrethei. 

I H'oiild ttLso ref OP to Kiffi'tT’is* ^ ond 15, irhcrc the occur rcnco of the 
larviL'of the Ameilcad eel ig indii.'atcd by curves. Tlio result may bo 
briefly stated as foNfuig: IVe found the tarvie throughout the {treater 
part of the western Atlantic fjotween the West Indies and the New¬ 
foundland Hunks, where they occur toj^ther with the larvaj of the 
Euro{>eaii eel. East of GO'"’ longitude W, we hare not met with larvii* 
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of the American eel, which have thus a fur more limited area of 
occurrence than those of the European species just as wc have found 
to be the case with the ]amc of the American conger. 

Most of the /Jana stations in Jtine-July, 1920, west of 50"^ IV,, 
gave larriB of both species, but An^Hia ^ul^ari^ was, as a rule, the 
more niimeroue. The larvte of the two species were by no means 
evenly distributed throughout the area; we^ of about 62® W* longi- 
tuile,jind soutli of about 24® N. latitude, Anffuilia roHra^ predomi¬ 
nated over An^uitia vulgari^^ and iu this part of the oroa we toofc 



Piik. 14.—£e4 UPUJwUJa i oC Urf* in A^rU {A} uid Juljf {Bj 

A. -mua/* Stmt. MS, April 27^ IPEl, 21* ll' N., 01* 22' W, 

B, “ mftJi,” Slit. 801, JalJ 24, 1020, 20* $8' N., flO* S*' W. 


as many as 219 and S29 larvic of the American eel at one haul (see 

%. u). 

The curves on the charts (figs, ^ anfi 15) show the distribu¬ 
tion of the larvH! of the Aaoricun eel. The outermost eurrB marks 
the limit of occurrence, the next is that for 30 mm., and the inner- 
most for 15 pim., to bo understood as in the case of the European eel. 

From the {josition of the curves ite can conclude that the brectling 
area of the American eel lies along tlie entire range north of the 
West Indian Islands. Its central portion lies west and south of the 
central breeding grounds of the European eelj the areas embraced by 
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Larvae. Tke Top Specimen is a Full-Grown Larvae 
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stfeam Ah^ off the Atlantic CoA3r of the United States 
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the two sjsecic^ however, ^re apparently not separated:, but seem to 
overlnpi 

Ttio early tiny larvw^ mm. long^ of Anffuilh. rostra fa were 
taken in February.*'* In April the average length was? aWiit 20-525 
mm., in June about 30-35 Dim., m July about 40 mm*, and in Sep¬ 
tember about 50-55 niiQ (cf. fig. 14}. Toward the end of tlie year 
the larvflj have attained their full length, about 60-65 mm. j meta- 
niorphosiii takes place during the winter months, and in spring the 
of elvers move up into fresh water. We have e£[iniined .samples 
of pigmented elvers from St. Croi.^, "^Vest Indies (March), from the 
Potomac at Washington (April), and from Littlo Eiver, Mass. 
(May). The average length in the two latter cases was about 57 mm. 

From the data to hand, then, we inay condude that the American 
eel spawns earlier, that its larvie grow more rapidly (cf* fign 14), and 
that the fulbgrown Ian’a is smaller than is the case with the Euro¬ 
pean species, A result of thia is tliat AngjiUla roStroM can complete 
its full development from egg to elver in abfmt one year, whereas dn- 
vulffaris. as we have already seen^ takes about three years. The 
photograph, Plate 0, Figure 2, in comparison wnth Plate 6, Figure 3, 
illu^rutes this, and sliovvs that the 1 gruup of Ang^ila rostrate iti 
June are already metamorphosed elvers, Avhile this stage of develop¬ 
ment is in the case of An^Itta only attained by the III 

group. Despite the fact that the two specie^ arc outwardly so alike 
as to be hardly distinguishable, they differ to such an extent that the 
one takes about three times as long as the other to pass through the 
saiii« cycle of developmenL 

The recognition of thi.s difference between Anffuitia rostrata and 
An^uiH<t is of decisive importance to the comprehension of 

the life history of tlie two species, and the fact provides a. natural 
explanation of several points that seemed mystericuis before. 

As already mentioned, an investigation of samples of eels fmm 
Bermuda sliow^ed that they all belonged to the American s[>ecieH 
rostrata). This in itself was not surprising. But in the 
winter of lDi3-14 both the Marffreihe and Bachs found the watem? 
round Bermuda populated chielly by larv® of the European eel. I 
called attention to this point when dealing with the collecrtions from 
llie two ve^lf* (cf. p. 295), but waa obliged to cotifc$if that it was 

“ n 1* iiq-t Ilf CL^itiDsuijth. Use two Jih^hUIi] Apcvli^ in Oii^lr «»Fty IjutyoI mEajinii, 

wlwn tbo hlndiQOvt TnjflinitfM OM aiyt yot be irJih i^rtKlnty. Oia ail 

bew^Tcr* bdK jt frw pre*Jiiil myoaum tntjtm thMn A, njstfrsfw. In both 

thorv nte n conpte flf tliick cbramAtbiiliOrta od thu efsbr^eiilo tku nmj ih# Up of 
rbe t*lL Am a. naSe. Dim an raor* nod rtfouLlj^ Imw^ ia nulrara ibiia 

in A. TufijarU. fa Ibc tatter thrf itre oftea dLeficuU to diiciini unC. eom aIwijh lo dli- 
appear li^fore the lirra mcIw^ a Jrajfth of 20 hUtt,; Ih A_ ra$trata the^- atjt Mmetipq^ 
dijeffmibitp ftt a iea#t}i Qf 30-:i5 aim. La MK'ctnl InrTia the ffat cobtAlan] fawl tM- 
^iftfag of mtnute OEIffBaiamA. prwaatalily COmUthci|ihorEdw. 

25 - 21 
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beyond my ccnnprehuiisiotL Viewed in the light of our aubsequeot 
mveatigntions^ liowevet', tlie explanutioit is i»rfcctlj’ simple. The 
larvn} of the Enfoijeiiii eel which life found at ilcrmuda and in tlse 
western Atlantic generally are, owing to tbt vklnity of tiie breeding 
gmunds, nil youngs belonging to the O and I groups, and conse* 
qiiently as yet far from that stage of development at which they 
seek the siioiva. It is only 1 nr vie of tlie American ed which are found 
so far west in the full-grown and metaniorphosic stages, at which 
they are drawn to the coasts. Consequently, AnyuiUii rostrata is the 
onlv one of tlie two species wldcli “lands” at Bermuda, the hosts of 
larv® of AnguUla vulfforis which surround these islands being only 
];iijssers-by on their way to a far moi^ distant goal. 

*Vs we have learned, the breeding grounds both of the European 
and of the American eel lie west of longitude fiO® W. Although the 
larvffi of Anffuilla rostrata become far more numei-ous in projiortion 
from cast to west, it is nevcrthelos a fact that there are eAtenaive 
areas where the larvie of the two Hjjecies are greatly intermingled. 
Thu Dana stations provide many CAamples of such intermingling, as 
shown in the photograph, Plate 5, and the graph, Figure 12. 

It is very natural then to ask: If the larvce of tlte two species are 
found greatly intermingled in certain areas of tin; ocean, how is it 
that the s 5 tock of eels in Eiiiiopc is, practically speaking, pure, i. c,. 
composed exclusively of Anguilla vul^aHa aiitl that Ln Ajuerica of 
Ajiffuilta rostrata^ The question may also he formulated os follows; 
How do the masses of larva! in the western Atlantic sort themselves 
nut, so tliat those individ'uals which belong to Anffnilfa vulffaris ulti¬ 
mately find themselves in Euro|*e, wblle those of AixffuUla rostrata 
“ land ” on the shores of America and the West Indies? 

In the main, the question is no longer dillicult to answer. In the 
case of the American cel, the pelagic larval stage is terminated in 
iibtiut one year; consequently the larva; have not time to make the 
journey to Europe, the distance being more than they can cover in 
that period. It is otherwise with the European eel, which takes 
nearly three times os long over its larval development, as a result of 
which practically all of them arc far avfay from the western (jViiicr- 
lean) portion of the Atlantic when the time comes for them, os 
elvers, to see:k the coasts. 

Wo can thus indicate both h geographical and an ethological cause 
for the distribution of the two species of fresh-water eels. Tlie for¬ 
mer lies in the fact that Anffuilift rostrata has its center of produc¬ 
tion somewhiit farther west and south thrin Anffuifla vvlffaris. Tlie 
latter is the difTeretit duration of the pelagic migratory stage. These 
two facts, in conjunction witli the ocean currents as an aid to trans- 
|>ort, and later—onre the enrUest stages of development are past — 
the active movements of the larva' themselves, must be regarded as 
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FlU. Ifi.—^Ain^rieui Eel iAnu^lfht rn*(rn|uj 


£>bt pfbu E|us or tKfVK Bnd of adultd (blBiele utrip tlotif Ihe couti wbere 

tbe ipodcfl occfiF*^. 

Xlie ctmro* Mh0w SinUi Of O^^cnrraiet ^ K Iftna Jm Omtl 15 Diin. hnvn oflijr 
funod bullile! llw Ift-mm, rurr^* «tG, J lb« aatcniioiC durmtiii UtalK of o«urr«iioo gf 

uometomorphaoe^ Ufv« CllJ)- 

llow do«o tho dEalrlbuttgo of the adall, vtiyisd of An^UIa roilrofo agree vlfh tlw 
aifltrlbcLtlaQ of tbe \arrs*7 

MnEiJ ^Hjn Bfo (JolUs Sebm^dl, I, l&W, p. S) 1 tflfd tp fibd a Dui&ftriQil 
exproBioa for th« of lieU Id lIw Uniled Elmtia, dliridlnf tbo at&lfti iota lliieci 

retool! AtJaPlIe rtgInU ftlnn dnlolag |dio Hw AtlBotJe): (2l Omf fr^lnn (rlF- 
or® draloion? Into tbo Qnlf of MoJleo) - ^3) I'JtciflG: rvElon (rlTeni anlobE Into the rieilh-y. 

Scttioi; iht prodoel of ibe *^\ Id the State* |o cObbCct-iDn with tb«io iDUIlVl- 

■toDi Cif Lho nEglObp we ftod that of the total prodt^ci about OS per ceot ooin«* Trora the 
Atlantic arirtatt, twpxUllj the aorihan* Siam tNorth CaroUna flod aorLhwnrdi} tod 
only about 2 per cent froni the Unlf iq^loa (Pothlog from tfee Ffteiarl (of. ebai-t ibovc). 

TblB diHervace 1* *o sitrJWna Ihat we maj eaiiGlQdb ibi^refioU) that there t« a teoeb 
EttiHirr run of civar* U the Atiuotk ngioa tiiAa la ibe ODlf xeatoiL 

A ElatJce at the chart nbore ilbow* that the renter of prodactiuo for tbv lame of 
aapofrifl rviimra la vltuatHl oorth of the W«t lodlH tln*Jd« the i^^nim. rurre) nod 
that ibe lam durlnir thrir tnmn»e lb wlvs ppcead out to the oofti. aAd only to a nniUttr 
rileht to the vonth. On onr «n|pa* w* found maiaiefl of |ai™ onrlh of the Writ Jiidlr* 
nad Ja the Oulf Stmin regloa »!! Atlantic eoaiti of the ISIalei {tt, Af, ITi^ hut com- 
[laratlvr.ly yery few aouth of the W»t liLdlea la the CnHbbeaa Sea and la the €ufcf of 
Mralco. 

Thiire la thui an exeellcot flErerment hetwtvn Ite deoilty of «!■ In tho United Btatea 
abd tho revulte of onr lOTeslEEatkeia rtvanUtig the breeding g^ode of Aapodfo reatrafa 
and the direction of mliritlon of H4 lamr. 
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the causes which lead the two Atlantic species of eels to find each iU 
own side of the ocean, despite the close proximity of their breeding' 
grounds. 

That fish ehould undertake migrations of considerable extent while 
in the pelagia larval stage ia nothing iinnsiial. 1 necfl only call to 
nund tlie young of the Gadoids and their luigratiftn round Iceland, 
which I had an opportunity of studying in 1&0^1005 (loc. cit,, 11)09). 
The point which makes our eel an exception among fishes, and among 
all other animals, is the enormous extent of its joumeyings in tiie 
larval stage. 'Fhis is indeeti a nilgi-atory stage par escclknoe, the 
unusual duration of which must he regarded as an adaptation 
effected by selection—to the distances of many thousand niUes to Ik 
traversed- So great are these dLstnnces that the class of one year can 
not reach its goal, the freali waters of EiirotJe, until a second and a 
third have started on tlieir way. As a matter of fact, we have In 
early Eiimmer three year-classes of larvfe on their journey, the 
youngest In the western, the next in the central, and the oldest in the 
eastern waters of tiie Atlantic, off the coa-stal banks of Europe (cf., 
pi. 6, fig, 2, and fig. T), There can he no doubt that a groat wastage 
of individuals takes place in the com^e of these years of migratinn. 
but it is In all probability inagnificant In 'I'iew of tiie enomioiLS pro¬ 
duction of larvie, of which the 0<ifta stations in the wo-=tcm Atlantic 
give evid^ncie. 

llic AntjuUiAi species, m contraiqt to other mnrffinoids, are usually 
teriried fresh-v^'ater cels, and are reckoned amoDg the fresh-water 
fishes of Europe and North America. From what we have now 
learned this is far from literally strict. Both from their history anil 
their actual manner of lifc!, ihfim “ fresh-water cels” arc tnio oceanic 
fifshes, and the remarkable point in their life history is not so much 
the fact of their migrating out Into the sea to spawn as in their kav- 
ing it in order to pass their period of growth in an eiivironment so 
imnsual for snnrjenoid fishes as fresh water. 


J havfl in the foregoing pages described the course of our inresti- 
gutions and set forth their results* In concltiiilon I will endeavor 
very briefly to give an outline of the life history of our eel, as indi¬ 
cate by tlie facta now ascertained. 

During the autumn monllis the silvery eels leave the lakes and 
rivers and move out into the sea. Once lieyond fresh-water limits 
the eck are, in most parts of Europe^ outside our range of observa¬ 
tion. Exceptions are^ however, found, as in the ease of the Danish 
blinds and belts and adjacent waters, which are passed by great 
quantities of eels on their way to the Atlantic, and fom the site of 
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ijiiportanl fisheries shout lX*tober- In the part of the Eng¬ 

lish Channel trawlers may, toward the end of the year, oecasionaily 
brlug up a few bi^ s|}ecimezis m their neUi, but after this the la.^ 
trace of the eel on European ground is lost* Xo loiifrer subject to 
piirstiit by marij liosis of eels froiu ilie most distant corners of our 
I'onlinent. can now' shape their course soulhw^est across the ocean,, 
as their ancestors for unjiiimbeTed gene rations have done lie fore 
them. How^ lonj^ the journey lasts w^e ran not $ay, but we know- 
now the destination sought: A teitain area akuate in the western 
Atlantic^ northeast and north of the West Inilie^^, Here lie the 
brcetling grouniLs of the eel (fig. G)^ 

Spawning commences in early ^springK lahiing to weU on in sum¬ 
mer* I’he tiny larvae* T-lo niiii. long^ flout in water Ia 3 'ers alwut 
'2t)0“3tK) met era from llie surface, in a tem|>eraiure of about 20® C. 
The larvie grow rapidly during their first months, and in their 
hist summer average about 25 mm. in length (fig. 11). They now 
move up into the up|>erinost water layers, the great majority being 
found between 50 uml 25 tnetci^ or at times even at the aiirfare 
itself. Then they commence their joumey toward the ahore!^ qf 
Europe^ aided the eastvi^ard movement of the surface waUT 
itself. During their first summer tisey arc to Ik; foimd in llie w^est- 
cm Atlantic (west of 50° long. W.). By tlieir second summer they 
have attained an average length of oCMM) mm-, and the bulk are 
now in the centra] Atlantic. By the third siiiiimer they have ar- 
rived off the coastal banks of Europe and are now full grown, 
averaging about 75 mm. in length, but i4ill retaining the com¬ 
pressed, leaf-shaped larval form. In the wiiirso of the antunm 
and winter they undergo the retrograde metamorphosis which gives 
them their shape as c?els and brings them to tlie elver stage, in which 
thej- move in to the shores and make their w^ay up rivers ami w ater- 
courses everywhere (Plate 3). Tlie average age of the elvers in 
spring is about 3 years, Afany individuals, especially males, keep 
to the brackish water in lagoons or estuaries; others, especially fe¬ 
males, move far up the streams they have entered and may in the 
course of their wandering^^ penetrate far into tho interior of the 
ContineuL In Switzerlimd, for instance, coUBidetable quantitiei^ of 
eels occur, and £i>ecimens have been taken there in waters at an 
altitude of 3,000 feet above the level of ihis sea. The eels utilize 
their sojourn in fresh water to feed ami grow' big, but tlie duration 
of their stay here varies greatly, according to sex, climate, and 
ipjantity of fooi:l, ranging from alwut five to about twenty years or 
more. All the large eels are females; the males seldom exceed 45 cm. 
in length. During its period of growth the ee! b of a yellowish 
or greenish color, with no metallic luster; these growing cels are 
generally termed "\veilow cels/’ Mien they Imve n^oched tho stage 
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whcrt! the migratory instirict begins to assert itself tlio desire for 
foodf otherwise voracious, is lesseDed, the body takes on a metallic 
KheeOf and tho poetoruls become black and pointed. In this guise 
the ells are termed ^silver eels,^^ their flesh is veiy' firm and rich in 
fat, and they are thus well equipped for entering upon their second 
and last great journey, this time back to the breeding grounds 
ncm^ the ocean. 

Before concluding this survey of the Danish eel investigations it 
is my pka-Hurable duly to thank alt those who have contributed to 
the progress of the same. I have already mentioned how decisively 
iinport^t was the aid afforded us from outside. Special thanks 
are here due to Admiral H. R. H. Prince Yaldem&r, of Denmark, 
and to His Excellency H. S'. .iVndersen, director of the East Asiatic 
Co., of Copenhagen. But in our Commission for Investigation of 
the Sea also, much, and most valuable w'Ork has been done to further 
these Investigations first and foremoid by the cbairjiian, Commodore 
C. F. Drcchsel, Danisli R. N* 

Lorst, but not least, I thank my assistoota who helped to ca^rry 
out the actual w'ork at sea and on land. These, during the first 
ycars^ A. Stnibberg, M.Sc,, later P. Jespersen, M.Sc., and A. Y. 
'Piiuimg, M.Se., have each taken a great share of the work with 
much skill and enthusiasm, hhirthi^r, the captain of our research 
vE?ssel, Capt. G. Hansen, has* in addition to the other duties falb 
ing to his sham, on more than one occasion carried out work on 
board wliich called for training in marine biologiqnl research. 

rOSTSCRIPT 

/)q tha Ihdo-Partfic frc»h-wa£er hr^ed in the sea likt^ th^se t^f 
^he Allan lie j and da liJta these j under^a a larval development 
teith metamarphasis^ 

The present work has up to nnw considered only the two Atlantic 
st>ec5es, the Eum|>ean and the American ^h 

Hie re are, liow'tveVT in the Tndo-PaciGc region also fresh-water 
eels of the gomis Anfftnfta, and, moreov’er, many more species than 
in the Atlantic area. 

AVImt is the life history of the Tndo-Pacific cels? 

Do these eels hrml in the sca^ like the two Atlnritk forais^ have 
they similar larval stages; and do they, like tIio!^o of the Atlantic 
undergo a retrcigrade metamorphosis from. larva to elver? 

Xolhing is known as to this. And even if we had Urvie which 
might be supixvscd to belong to one of the Indo-Pacific Aji^mlia 
species, they cotild not lio identified from wlmt is genorallv known 
as the information afforded by extant literature as to clo^iGcation of 
the Indo-Pavifio eels b imnifficiimt. The limita of tlue different 
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fipccies can not be defined, eitlier zoologically or goographically, 
vr'hhout fnirtliDr chmaeters than hitherto employed in dassiJkiition. 

It was therefore necessary to take up the ttIioIo question anew, 

1 have for several years been workin" on the classification of the 
Indo-Pacific fresh-water eels, but have only lately been able to give 
it full attention. 

Thanks to the couttesy of the various authorities^ I liave been ablet 
with my assistatibiT ^specially Mr. Yilh. Egej M+ So,, to ex^amino 
the material of Indo-Pacilic Anguiila specimens of most of the load¬ 
ing musoiims, and get X-ray photos of most of the existing type 
specimens. I have also received largo collections from correspond¬ 
ents in various parts of the world. 

In all specirnens, the number of verteb™ was determined, and 
other numerical charaeters investigated; several species have al¬ 
ready been treated staiistieaUy, as previously with the Atlantic and 
.Japanese.^ 

The investigation shows that the previous classification is inade^ 
quate^ Take for instance, the originally do- 

srribed by Sir John Richardson. This species, as understood by 
the mo6t recent writers on Indo-Pacific cels* ranges from East 
Africa to Tahiti, and from the Philippines to Auckland Island* 
Gcographii'ally, thia looks improbable, and on applying numerical 
characters we find that ^^An^illa aw/ivrZii” consists of at least three 
well-defined species, each with its own geographical area. 

The introduction of numerical characters, however (number of 
vertebra;, fin-rays* etc.), is of importance not only for classification 
of old, adult eels. We have thereby procured the means, hitherto 
lacking, of identifying the early stages of the Indo-Pacific fresh¬ 
water ceJs. 

Tlic method has already borne fniit, in that I am able here to 
describe and identify the first lan^a of an Indo-Pacific An^ail!^ 
species, and thus answer the question at the head of this postecript. 
1 am tliG more pleased to be able to do so here* since the material 
was procured by an American expedition. 

Some years back, I received fropi the Bureau of Fisheries at 
Washington a large collecticin of T-ieptocephall for investigation. 
It was collected by the U. S. S. AlbaUo^s on its Philippine expedi¬ 
tion (1907-1910) under Dr. Hugh M. Smith. 

This collection proved to contain two specimens of a Leptocephahis 
outwardly altogether identical with the larva; of the two Atlantic 
AnffuiS^ species. They were taken near the surface over consider- 

SclinaUll ** Flrrt Ri-port Oa Bel Tn1f€ittR3itljaDi Kod - W&nd E-^port oti Efl 
lOttflUipiUonH^ pl I'tvn&fl-Verbau^ dll C^lwcU Internitt&iml |»ar TEi- 

plarnt^oa ^ 3a f[>], IS. and nrt. £3, 10l5)p Sg« aljo I in the preaesat 

waft. 
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nbk depths off CekboSp one neor Menndo on the north i^oast, the 
other in the kr^e Tomlni Bay on the eiist roast. Tlie lengths were 
53 and 55 mm. Both speciinens were presented in fornioi and well 
enou<,di for ptifRciently acourate detcrnijnatLon of the numerical rhar- 
ncterSr Eeseiwing detsikd description for a later oreaaion^ I will 
here refer to Figures I and 2^ plate 7^ and give the following data, 
dcteniiined by Mr. A. V. Tanlng, M Sc* 

The speeipien of 53 mm, is a fully developed larva, metamorpho»is 
not yet begtin, larval dentition intact^ 16-17 teeth in each half of 
jaw behind the large grasping teeth; in other wordst about the 
aunie ninnlier as in A. vaiffarts and It has 106 (69+37) 

myomeres, answering to 105 verteb™^ 285 dorsal, 21fl an ah fttui 10 
(5+5) rauda! rays. 

The other apeeiman, 55 mm, (more correctly 55,5 inm,) lias begun 
metamorphosja and lost the larval teeth. Number of inyomqres 
about the ;^ne aa in the first krva^ about IOC; like the Atlantic 
£j>ccie$ at tlie sanm stage,, it has some black stellate chromatophores 
at tip of taib 

The hiuTicrical valuea of the larva? enable us to identify theoi, at 
least the first specimen, with suflicieiit cerlaioty as belonging to the 
species AiLfftfitiA Bennett* a widely distributiKl ti-opical 

si>ccies+ common in the Dutch Eiist Indies. Tliesc values agree com- 
l>ktely With those we have found in mutmliana^ and pre- 

el u<]e other species, est>Bcially the two commori in this area— An{/uffla 
aiiitralh Autt. and Anffuilla cthbf'jtensh Kaup. Tlie advanced jiosi- 
tion of the dorsal fin in our Inn a (fig, Ij plate 7) also shows that it 
belongs to A lu/yUla 

The identification of the larvE from Celebes reveak several inter- 
esting pointy which I will briefly note here. 

1) We have learned that the krv^ of Indo-Pacific fresh-water 
cels entirely resemble those of the Atlantic species. This ig a fur¬ 
ther proof of the extrcTiiely close relationship between all ATiffuUlu 
species^ for Anffutliti is probably’ one of the forms most 

widely removed from oura. 


2) The length of the An*juma fnauriliana larva is about 51/2 ciii. 
This agrees well with the average length of five elvers of tliis sjiecies 
from the Dutch hast Indies (Zmh Mus, Amsterdam), about 5 cm. 

3) Tbio idetitifi«ti(>n t,f Uit hn-a of Aiiguiaa is Rii 

mcoutto-tablc proof thilt iho Indo-Padfic Anffuilla spccios, like the 
Atlantic, bneil in ttie lioa miti under fro u larval developnuMit ^vilh 
uietamorphoslR Other fa^ which I h«vo brau^ht to light show 
that the Tiulo-Pftcific frwti.water eeb, like those of liiL^ Atlantic 
n^juiro deep water to br«d. I will deni with this point in a sub’ 

S4N;pient pajier. 
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Limgiiage is rt^pletc with tijmis that liken qualities of human 
nature with the traita &f animals^ and fable writers of all times have 
found an inexhaustible source of material for their stories in the 
parallelisms between men and beasts, Tlie insects, tCNJ, have serve<l 
in earioature as types of human character, though less accurately, 
since they are less understooil; for even amongst them there are the 
bold and tlic timid, the haughty and the meokj the nervous and the 
phlegmatic, the obstreperous and the patient; there are those that 
labor incessantly and those that accept conditions as they find tliem; 
there are the pugnacious, ahvays looking for trouble, and those that 
live by avoiding it; there are the rapacious that seek the destruction 
of others, and the peace-loving, who fight In defense only. 

Distinctions of this kind amongst animals, as amongst people, are 
matters of temperament, but there is this difference between the two 
cases in that, with people, temperamental traits are characteristic 
of individuals, while, with anLmalH, the differences ore largely charac' 
teristic of the species. Yet there are minor differences between 
individual anlmab, and [>eDple also show strongly marked racial 
traits of temperament which persist and intensify where races do not 
commingle. 

At first thought wo might not beiiovo that the temperaments of 
animals, and especially of insects, could have any relation to our 
own other than an accidental resemblance. On second tlmught. 
however, it seems entirely poaaible that all such manifestations may 
be identical in the sense tbat they may be but outcroppings of a 
common property inherent in living matter itself* Temijcrament is 
merely the reaction of the individual to external conditions, and 
with people who exercise no control over these reactions, tempera¬ 
mental exhibitions may be just os spontaneous and irresponsible as 
with insects. In many cases amongst animals a specific tempera¬ 
ment is beneficial or is a necessary accompaniment of a special mode 
of lifOi A predatory creature must be alert, quick of movement, 
and aggressive; a vegetarian may l>e slow and placid, with a de- 
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fcnsive but not an ofiensivc nature} an anmiul tlial lives in uonceaN 
luent may be sluj^<;^sh and lacklof^ in all kinds of positive j>ersoaality. 

It is always a matter of wonder to me to see enthusiasts of sport 
standm<r in lino for hours and hours Ln order to (let desirable seats 
at some athletic contest, or lovers of the spcctariilar waiting on tho 
curb of the stdewulk from early in tlie day to be sure of a place in 
the front line of spectators when a proceasien is to go by, I realiEe, 
however, that tbeir temfionLincntii are different from mine, not in 
that they enjoy the spurt or the apectaulo more than I do, but in that 
they are able to stand there so long waiting to see it. The secret is 
that standing and doing nothing does not distress them; they are 
still normal at the end of it, because it Is normal for them to be that 
way. So when we see animals, espceially Insects, doing what would 
be torture to our patience ivc have only to realize that their tempera- 
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merits ni-e different and that the 
tiling d<ws not distress them^ be- 
eausa it is nornml for them to go 
through with it. 

fn curly :5pring those iusects 
that must fl1wa3*3 he in time for 
the first course in nature^s seasonal 
banquet begin to arrive at the 
feeding grounds, K&ture, how¬ 
ever, assumes no responsibility of 
calendar the giie^ may be 

present, but if bad weather tabes 
precedence, the food will not be 
served till warmer temperatures 
prevail. Tlie guests must wait 
with empty atomachss As above intimated, thotjgli, jsatience is 
a term not to lie applied to insects Uterally, since it implies volun¬ 
tary submission to irk^me noceaslty. With inseebs^ passive en- 
durance is a physiological state, a matter of constitutional 
temj>cniTiient, But is it not so with patient people^ is not their 
placidity due to constitutional physiological conditions that allow 
them to he so? A j>erson undergoing an operation under an 
anesthetic is a “ pat ion t ” only in Ihc teclmical terms of the hospital; 
an insect quietly submitting to adverse conditions of it^ environment 
is submissive hecaitso it lacks a stimulus to be otlmrwise, it is under 
a physiological anesthetic. 

Among the earliest of the spring arrivals in the Northern 
States and in Canada are curious 111 tic insects that come out of 
the ground^ sometimes during warm spells in January and Febru¬ 
ary, but mostly during March and ApriL They are to be foimd 
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particiLlarly in old ncglect&d apple orchards where Imvo 

Wn alloTved to lead their lives unehecked, aod in elms along city 
and woodlands. They aj*e most easily dio- 
trunks of the wlierc eventually tliey 

lea ring tho earth. Here they often remuin 
or for several days, especially if the w^ealhcr 
should turn bleak and raw, as it is likely to do during March and 
Apxil, especially in the more northern latitudes^ somtiznes with 
cold rains^ and freezing temperatures at night, and Eometimes 
with snow yet on the grounth 

A gray spot against the hark of the tree trunk, on closer inspection,. 
pmviH to be a living thing with an oval, furry body about half 
an inch longj six long spmwling legs, a pair of slim antennae, and 
two large black eyes (hg, 1). It curi¬ 
ously suggests a moth with the wrings 
cut olTj and, indeed, no better simile is 
needed, since the creature is a moth 
witli its wings so reduced by nature 
that but stubs of them remain 
Entomulogists know this insect as 
female moth of the spring canker worm 
(Paleaerita vemaia ), 

An insect that comes out at such an 
unseasonable tune of the year can not 
expect to find anything to eat* and, in 
the catikerworm moth has no such 
expectations, her business is of quite a 
different nature. She comes bearing a 
load of eggs wdiich are to produce her Fannie maiun ^iqie 

iV_+ J , . r , _ cuskerworm* Id AtlitndD 

■orispnng, and she must deposit thi^ m rntiiuc pcMitioD iwioir 

eggs on the tree suJhciently in advance ^ ^ 
of the time when the leaf buds w^II 
dovelop and be ready lo hatch when 
cause tlie offspring of this moth w ill be a 
feeding caterpillars; The mother niothj therefore, 
herself; for the sake of her progeny she endures 
of weather that may come at this season, low^ teiiipcratures, chillirtg 
w^itids, yaking rains, perhaps snow* Few other insects could endure 
unprotected w hat the cankerworm naoth habitually encounters, which 
again demonstrates the phj^sioiogicaJ differences that may exist be- 
tiveen elo$ely related cneaturos, and which cause them to react very 
differently to the an me external conditions^ 

The oval body of the cankerwonn moth is little more than a bag of 
eggs. In the forward parts there are the muscles necessarv for 
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inovingj the legs nnd for enpbUng the'^e memliers to drag the lieavilv 
Loaded body over tlic ground and up the tree, and of t-oursc there ai^ 
breathing tubcs^ ncrv-esj and a heart, all of whScJi or gang are necss- 
sar^' for e^cistence. But Uia alimentary canal is reduced to a mere 
thread, and the external organs for taking food are so rudimentary as 
to be entirely useiegs, the material necessary for maintaining the life 
of the moth and for maturing the eggs having been stored in tlie 
Ijody of the insect during her own caterpillar days. 

The exterior of the body of the moth appears to be covered with a 
thick coat of fur^ but, as with all moths, the material is really a 
close growth of RlcnderiicalesT which, however, are but modified hairs. 
<>□ the back of each of the iseven exposed segments of the alidomen 
iliere are two crosswise rows of recumbent gpines dinn^ted backward. 

From the rear end of the body the 
spring cankerworni moth can protrude 
a long tapering tube made of the ter¬ 
minal body segments^ which are ordi* 
narily retracted one into tlie other like 
the ficetions of a teleseo|>e. The eggs 
are extruded from the end of the lube 
wlicfi the tube is ox tended. 

For a long periodp fiomctime=h for 
several days, tlie female moth sits on 
the trunk or on a lower limb of the 
tree quietly waiting,^ perhaps not know¬ 
ing whyj but events suggest that she 
is waiting for a mate. At any rate, 
a male moth (fig. 3) eventually comes 
to her; he comes fluttering on large 
wings, for in respect to organs of flight 
lie hns not lost his insect heritage, though he too lacks organs? for 
taking food^ After a brief time of courtship and mating the male 
departs, and the deserted female Ls Left to finish tier life in solitude 
as she l»egan it> But nnw^ in addition to her eggs, she carries 
the fertiliziiig element of the male, without which the eggs would be 
useless* The fenmle soon resumes her Journey upward and outw'ard 
iin tiic branches of the tree, searching for suitable places at which 
to deposit her eggs^ 

When the egg-laying tube of the female is fully extruded it is 
about as long as half the rest of the body. With its tip the moth 
probes into crevices or beneath pieces of loose hark, and when an ap¬ 
propriate place is located she deposits there a group of eggs (fig, 4)* 
Moths that were taken into a rcKsm for observation dtiring egg laying 
Curved the egg ttibe forward beneath the Ixidy and ejected the eggs 
forward and downward from its tip; and the position of the eggs in 
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niii^ f&tind on the trees indicates tlmt they must have been 

plncccl in this same manner. Othei's, however, arc deposited so far 
under a le<Jge of bark tliat the moth must liave entered tlie cavity in 
order to have reached it* itinermost recesses with her tube. Her 
Jiabit of probin;^ forward SM^gests that in fiueh easscs she back.^ over 
the ediie of the piece of loose bark and enters the cavity upside down. 

pose of tlie spines on her back m not evident. Tliuugh they 
maj' pixitect her body Jti 
tif'ht pkt'cs^ it vvoiild 
seem that they woi4ld 
also impede her <;fn- 
trance into crevices. 

The spines are present 
likewise on the same 
se^menig in the maks 
but are somewhat weak¬ 
er tliim in tlie female. 

The e g s of tlie 
spring canker worm (fig, 

5) are to be found on 
the trunks on the ISmba, 
ajid on the twigs of the trees. Usually tliey occur in groups of 
30 to GQt though as many as 150 have been recorded in one mass^ 
and often there are but three or four togethen Dn S. J. Hunter^ 
WTiting tif the spring cankerworm in Kansas, says that a dissection 
of 12 motbs gave an average of 401 eggs in cach^ an exceptional in¬ 
dividual containing 6T6 egg^. A count of the actual numl^r of eggs 
laid^ howeverj lie says gave an average of only 81 for each motU^ 

but these records wore made from niotbs 
of a brood below normal vitality^ Tlie 
eggs of the spring cankerworm are oval 
in shaj^e,. rounded at one endj slightly 
pointed at the other, and are about one 
thjrty-si:cth of an inch in length. The 
shells are soft^ easily dented^ and are 
marked by fine lengthwise lines; those of 
some groups are brownish, others are 
gi'eenislH but all are iridescent ivitb pink and green reflections. 
The eggs lie in jumbled masses^ all stuck to the hark or to one an¬ 
other^ some flat on tbeir sides^ others inclined or standing on end. 

When the moth has depoiaitcd her eggs her brief life’s w'ork is 
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over. She falls back to tlic earth and tliere Ucs until her vital forces 
are dissipated. Yet tlie eggs within her egg tubes previous to lay¬ 
ing had no connection with her body; being freed from tlicir weight, 
it would seem, should be n. relief to her and not an esliaustion. Here 
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Hgrain* by some unknown pliysiolfigical rogiikttoii* lifo si>on cf^asca 
after its purpose are accomplished. 

Early iti Slay^ usual]j about the time the buds on the apple ti-eca 
are opening and sending out the new leaves, the cankenvorm eggs 
bate]I and send out a destroying army of young caterpillars- Ac- 
cording to Doctor Hunter, the time of butehing dependEj oo the tern- 
jH'tature- Eggs kept in the labomton' with a temperature of 72*, 
he says, will hatch in 10 chiys; c/^gs under outdoor conditions with a 
mean tem|K?rattiro of hatch in 30 days. Each caterpillar, 
or caakerworm^ leaves the egg tlirongh a round hole in the blunt 
end, andj as it emerges, assumes a length of about oae-eightecnlh of 
an incli, fully twice tiiiit of the egg from which it conics oviL Tlic 
empty shell remains as a delicate, transparent capsule glistening 
witli its IrideEcent colors- The young caterpillars are snuky-Jonking 
little thing¥i, despite their large heads and flaring bind legs (Kg. 6) j 
but their curious manner of w^alking b}** humping up the back as 

the rear end of the body is brought 
forward, and thea straightening 
out again to repeat the humping, 
at once catcher the eye, and we 
recognize in the tiny creatures 
fam il iar acquni ntances— 
worm*! 

Some of the young worms an? 
hlackbh, others are brown or green, 
ift4a, ii^tefcwd xurJnff crnnkir- tiyt iiiost qf them are marked by 

worms {mueb i9iliu^od]i -- « - :* 

ii liar row yellow stripe along each 
side of the body. Their special feature, liowcA^er, wliicli gives them 
the snaky look just mentioued, is the luck of most of those legs 
on the abdommal segments that are ordinarily characteristic of 
caterpillars. Tlie form and srructurc of a typical caterpillar was de- 
serib^l in the Smithwnian EejKjrt for 1922 (p. 353, fig. IT, A), 
where it was sliown that the cAterpiUiir body consMs of 13 seg- 
mente, the first 3* or thoracic segments, carrying each a pair 
of jointwl legs, while of the remaining Ifl or abdominal segments, 
the third to the eisth, inclugiyo, and the tenth have each a pair of 
soft, thick* imjointcd ’’ The spring cankerwornis have pro- 

legs only on the sixth and tenth segments. Hence their Icoping 
method of walking. 

The fulbgrown spring cankenvorms (fig. T) are from three- 
fourths of an inch to a full inch in length. In general they are of 
a dark color, hut they vary from pale olive brown or yellowish to 
uiotlled brown and black, with one, two, or three broken yellowish 
lilies more or less distinct along tiie sides;. On the back of the eighth 
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abdominsl ^gmvmt th^rc in a pnir of small tubercles. Tliere are 
always ojily two pairs ol abilornina] prolegs as dcscriljed above. 

In observing cankerworniB on an apple or in collecting speci¬ 
mens. howe^^rj it will most likely noticcil that they are not ail 
alike* Some have the ciiameters of those juyt cje^rilwd, while others 
are marked often bv several distinct lines along the aitles of the 
IkkIj, but are definitely sepa¬ 
rable as dilferent by the 
presence of an extra though 
a small pair of pralogs on 
the. fifth segment of the ab- 
<lomen. which ia the segment 
next in front of that bearing 
the first pair of fully- 
developed prolega* Cater- 

piliars ol tjhis sort (fig. 8) 7-—Mat™ BprlmE ainkcrw™ In TMtiiijc 

L j. ^ ■ fcimoilifr^ alnswlDff lack of obdomliuil 

belong to A distinct species ccHpt Hidw on Iljcta and tenrb nlidoaLin&l 

known as the fall canker- tx 

wornt (Ats&pkila p&iitetariit) liecause the moths that pixxluce them 
appear mostly In late fall and deposit their eggs on die trees at this 
season, Tlie eggs of both species hatch at the some time m the 









si)nng. 

The fall canker worms arc in general of a greener color tlian tlie 
spring cankerworms, but dilTerent individuals vary from light green 
to dark olive brown. Most of them liave three distinct pale stripes 

along each Side of the body, and an 
occasional one has a large blaeklsli spot 
on cadi side of each segment between 
the loAver two lines. 

For a month the caterpillars of die 
two species of cankerworms feed to- 
gether in die trees^ where to die casual 
observer they all look alike, bodi kinil:^ 
having the same general appearance and 
size and the same looping gait. They 
Rm. foil cu^kcni-^Tnv both^ also* when at rest have the queer 

am of graspiDg a twig or leaf Ermly 

witli the abdominal feet and holding 
the body gtiJUy in the air, projected at un angle from the gup- 
port. They pose motionless in this attitude indefinitely and ajjpear 
to be impersonating n dead twig in order to fool their enemies. 
They ma}f sometimes elude the searching eye of an entotnobgist 
or of tt bird, but still the habit can not be of any great benefit 
to the cankerworm species, since a bird could always find plenty of 
active individuals feeding unconcerned, The trait, however, is one 
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common to many other measuring \^'orms and in its origin perhaps 
was bencficiaL A habit more clearly protective is that which the 
laterplUai^ possess of letting thcmseives drop suddenly at the ends 
of threads frofn their splnnereta when a branch on which they are 
feeding is lightly jarred^ and of hanging suspended in midair. After 
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a time, when no dan^r seems to threaten, thoj ascend their ttireads 

and reslimo feeding. 

The cankerwonns fe^ on several spedes of trees, but their favorite 
kinds are apple and elm, merever the worms have fed on apple 
leaves the scars become bordered bj- reddish brown areas, which 
spreading over the uneaten parts, give the leaves the scorch^appear’ 
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ancc ehanictcrij^c of cittikorworm injury. Tho very young wormfi 
make mere pits or punctures in the leaves, but the older ones devour 
great holes in them, tinaUy reducing them to ragged skeletons or 
bare stems (fig. 10). The damage done to apple trees may be very 
considerable in cases of had infestation, if remedies are not applied, 
but the orchard ist eon coutrol the pest by thorough spraying with 
arsenate of lead, which, however, to be most effective should be done 
when the worms are young. In orchards that are known to be in¬ 
fested with oankerworms, the trunlo! of the trees may be banded in 
late fall and early spring with sticky substances or with cotton bat¬ 
ting, in order to prevent the female motlis from ascending them. 
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So sitnilfli' are the two species of cankenvorma, both in the larval 
and in the adult stages, that even entomologists did not distinguish 
between them for nearly two hundred years after they were first 
called cankerworms. The name cankcrwomi,” however, did not 
originally belong to either of the two species of caterpillars to which 
we now apply it in America. At the time the Englisli translation 
of the Bible was made, tlie word ‘‘canker’’ rcfctretl to most any do- 
striictivo caterpillar. 

Besides the cankerworms there are numerous other species of 
measuring worms, or spanworms, as they are also called, most of 
them having the ^me general appearance as the cankerworms. 
Some ore well-known pests on cultivated trees and shrubs, and others 
arc met with only occasionally, looping along in solitude or project¬ 
ing motionless from a twig or the edge of a leaf. Hie majority of 
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tbt^m belon^r Lci ft famUj c^f moths known iifl the Gcoinetridfe, so 
named from tJie measuring haintft of their caterpiUars. The rediic- 
tiem of the abdominal le^ of the caterpillars is an accompaniment 
of the Ickoping style of progTesslon, but (loes not occur to the same 
de/^ee in all iipeeiea. In one f^rotip of the family the caterpillaTB 
retain the full niuiibcr of prole^ which is live pairs^ but the first 
tlkree pairs are reduced in size {fig, U), the fust pair being very 
smallr the others successively larger to the fourth pair, which is of 
ordiEnrv proportions. These cater pillars probably represent an 
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eiirly Etngc ia t])e CTolntion to'crard suppression of the first three 
pairs of ubdotniiiAl legs. The fall canker worm, with a rudimontaiy 
third pair of proiegs (tig. 8), is in a stage near the other end of the 
scries, while the spring cankerworm (fig. T) and others that retain 
only two pairs represent what appears to be the degree of kglessness 
most practical for the looping gait. All measuring worms, however, 
do not belong to the Gcometridn;, the familiar cabbage looper being 
a member of quite a different family, the Noctuidie. 

When the cankerworms arc full grown, about the 1st of June, thev 
cease their feeding and let themselves drop from Urn trees at the ends 
of threads mu out from -their spinnerets. On reaching the ground 

they burrow Into the earth and bury 
theiiiaelvcs at a depth of from 2 to 5 
inehoa beneath the surface. Here the 
spring canken^-orma, after from fottr 
days to a week, change to pupee {fig. 12). 
Tlie fall canker worms, however, after 
their burial ia accomplished, inclose 
thcmscivea in small oval cases or cocoons 
made of earth particles firmly bound together with threads of silk, 
and then rest in the coewms foe about 30 days before changing to 
pui)w. 'file pup® of the spring cankerwornis remain in the ground 
through the stinimer, fall, and winter, transforming early the follow¬ 
ing spring into the niotlis >vhi(;h come out at this season and whose 
history lias been given. Most of the pup® of the fall cankerworm 
tindery their final transformation Into in the fail of the veer of 
tlicir intennent. 

The nature of the pupa of a caterpillar and its metamorphoais 
to tJ® moth was descrilsnl in connection with the tent caterpillar 
in the Smithsonian Jkport for (p. 253, fig. n.) It was 
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tiDteil tlivre tliut tlie reduction of the jtiwa, which orgnns ure large 
and sitTing In tiie caterpillar and rudimentarj' in the ntotU. takoa 
place by two steps, the first in the change frotii the caterpillar to 
the pupa, the second in thnt from tlie pupa to tlie rrioth. The wings 
of tlie female cankerwonii moth undergo likewise their final reduc¬ 
tion during the change from the pupa to the moth, but since the 
catcrpillnr is wingle®, the wings apjiear first on tlie pupa, where 
they form fairly large pads as in tlie pup® of moths that are to 
hare fully developed wings. Ti\'e might ask why wings are formed 
at all when they are only to l>e reduced sgain. The answer ia that 
the maternal ancestors of the modem cankem'orms were ful 13 'winged, 
and that the pupa in acquiring wings is but repeating the evolution 
of the species. 

The tondenev to 
Tviljg reduction in the 
female motlia of the 
GecmetFida!^ like the 
tendency to leg reduc¬ 
tion in the caterpit- 
appears to be a 
physiological procliv¬ 
ity of the family; it 
cropa out in various 
degrees of expreasiou 
in difTerent ^pecies^ 
though in some wpc- 
cics both males and 
females are fully 
winged. The female of u species called the ha If-winged geometer 
(fig. 13, B) has Tvinpsi of about half the normal aizCj appendages 
probably useless, but showing that the moth has reached n halfway 
in the evoliitiun to-nrard wlnglcssnesa In another siiecies, 
known as Bruce's measuring womi, the female (fig. Iv3, A) resem- 
hlefs the females of the ranker worms but has wing rudiments a little 
longer. It is difBeuJt to imagine just what such innate tendencies 
witiiin a group of animals may be in terms of physiology, yet many 
other exiimples of the same thing might be given among inseci$ 
and other uni mu Is, ji^t os we note among ourselves family traits 
end family tendencies with regard to physicfll as well as tempera- 
niental characters But again, wing reduction in moths, like leg re¬ 
duction in caterpillars, is not limited to the Geometridse, the female 
of tlie common tussock moth being as nearly wingless as the female 
canker motlis. 

Ibunmier passes, fall comes, the fir^ of f^ovembet’ arrives* The 
place ia southern Connecticut. 'Ilic days are again cold and bleak. 



FiOh is,—F kfDitle Gwmftrid tnollu vita wlnw In Ollfiif- 
Mt (fcftrwi of reduction. A, ibotll of fflra*- 

larLofl (ilacAfla ApuivoTcI haFlni' wUieii ■■ UtUs 

tmiptr that tho cankervorra nwUlu: H, moth tho 
bfllf-vlJiKcU leomft^ tfilh wIbem neatly hilf ttifl dot- 
RULl ]cOeUi fx 


328 AKJfUAL REPOUT SMITHSONlAS ISSTITUTIOK, 1924 

The ndviince winds of winter come surging over the hills lq tils' west; 
drenching mins sunk the chilling curth and make sodden masses of 
suninier s refuse that covers it. Now is tlie season when most of the 
insects that wLU ^jurvive till spring are stowed away in their cocoons 
or Lave found protection in some retreat where they will await the 
return of wurmer weather. 

Yet, seeming to defy the laws of the insect world that impose 
torpidity on other sis-lcgged creatures and keep them in hiherija- 
tion through die winter, the moths of the full cankerwoniis now 
break dirough their cocoons and emerge from tlie eartli. Some law 
of their own Impels these creatures to undergo their transformation 
and to deposit their eggs at this inclement sc,)son—eggs wJiicli are 
not to hatch until the following spring. Any such striking cxamphi 

of exceptions to generaJ rules shows 
cl earl}* that the tuiturc of the reaction 
by living things to external stimuli de¬ 
pends on the innrr nature of the creature 
itself; the potency for individuality of 
physical tempcrimient in living matter 
again nssetts itself. 

The female moths of the fall canker- 
worais (fig, 14) are very similar to those 
of the spring species in size and general 
iippearimce, though they arc usually of 
11 more uniform light brown color. 
Tlicy may be easily distinguished from 
tile spring canker motlis, however, by 
the lack of spines on the alKlomJnal seg- 
Jiicnts, and by the short length of the 
terminal hidden segments, which do not 
_ , fc'rin a protnisiblc tube for egg laying, 

i-rom the places where they leave the earth, the wingless moths 
craiil through the grass and over the dead leaves that cover tlic 
ground until they arrive at the trunk of a tree. In cases gf unusual 
abundance of cankerwotnis the moths may be observed in large 
numbers as they issue from tlic eartii. Dr. S, d. Hunter, dweribing 
the emergenee of spring canUerwonns in Kansas in 101T, gat's; 
“Around the base of the large elms, and for several feet away the 
ground appeared to be moving, so abundant were tlic insects; and as 
these moved up the trees others kept emerging from the ground in 
such numbers as to form a regular procession.” Furthermoi-e he 
adds: “The insects ascend, apparently alike, all standin.^ objects 
Bands on maple Ipccs cought os many as bands on adjoin'ing trees 
The same can be said of telegraph poles or stone hitching pJsta,” ' 
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OrdLoarily^ liowev^r^ iho insects ai^ Um> few in nuiiibcrii to by 
ofen obarved in transit from the places of emergence to tlie tree 
trunk; and Trhether in such case?®, under variable weather condb 
tioEUs^ the jaumey is long or shorty whether it involves a devious 
search^ whetJier some sense or instinet unerringly guides the travel¬ 
ers, or whether many miss tlieir destinations, has not (seen deter* 
mined- The writer, however, once nuirked four active fall canker* 
worm females with spots of white water-color paint and placed 
them on the ground on four sides of an apple tree at 4, 6 ^ 7, and S 
feett respectively, from the base of the trunk. On the sisth day 
fullowing;, which wa^ the 1 st day of December^ one of the marked 
individuals was found on the trunk of the tree, about 2 ^ feet aliove 
tiie gmuud. The one placed nt T feet had 
lieen missing for five da 3 's. During these five 
days, then, she had made the joiimey of T 
feet over the ground- The night after she 
was missed fmm the starting point a light 
snow foil and lay on the ground tnost of the 
next day- TJie succeeding days were brighti. 
though cold and raw. The otlicr three ninths 
were still at or near the pincts where they 
had been ^t out* Several more femalea were 
then marked in a similar manner and placed 
l^eneath trees, but 011 I 3 - the one just deseribeil 
wns ever recovered. This one* during the 
afternoon of the day of her arrival on the 
tree trunk* moved a foot and a half higher 
nml then reninined at thL^ point until 11 
o^clock on the morning of the following day. 

After this she was seen no more, probably 
having continued her journey up the trunk 
and out on one of the branches of the tree* 

Many of the females wait a much longer time 
on the trunk of the tit^ before proceeding 
upw’nrd. Some sit in one spot through several days and nights^^ 
l\hether they are detained by unpropiticius weather or whether they 
wait for a male was not determined^ Only one pair of mated moths 
wag observed, and they were found about 10 o'clock one morning on 
the upper end of the tnink of an apple tree* 

Tlie males of the fall catikerworm (fig, lB]r memble the males of 
the spring canker worm, though they are more yellowish-brown in 
color, and have the outer margin of each fore wing marked with a 
pale grayish spot toward the tip. In Connecticut, they may tre* 
qiiently seen on warm oftemoons of November fluttering along 
the roadsides or flitting about in the orchards. A male canker moth 
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flies in. R very uncertain Luannerp first going off on a wa^'j' course, up 
and down, or edging along without making much headway, then 
perhaps holding a sustained flight for several yards, finally to bring 
up jirecipitously in a tree or shrub as if tlia effort had taken the lost 
bit of his strength. Ordinarily the males sit by clay against the 
trunks of the trees witli wings folded flat over the back, or they rest 
on a stem or twig with the wings bent forward against the sides of 
the bcKly and the support (fig. 15). 

'Flie moths of both sexes of tlie fall cankerworm, as those of the 
spring canker, take no food, the mouth parts and most of the alimen¬ 
tary' canal being rudimentary. Tho postcricir part of the intestine, 
however, acts as n reservoir for the products of the eicretory ifal- 
pighian ti]bulE!a and becomes filled witli u seniiliciuid, orange-red 
mass. In the female the eggs completely fill the body cavity, occupy¬ 
ing ail available space clear up to tho front of the tJiotax. They are 
packed in jumbled raaEses in eight lc>ng, thin-walled sacs, which are 
the distended ovarian tubules. 

The moths nre never very active out of doors, but they show more 
nnimatioji on warm nights than they do on cold tiights. Wlien kept 
in cages in a room they remain ejuiet all day, but with the a]3proach 
of evening, though the room be brightly illuminated with electric 
light, the males begin to flutter restlessly about, and the fcmalea are 
soon running briskly in all directions. Somehow they know when 
night conus, regardless of artificial conditions of liglit and tempera¬ 
ture, once more demonstrating they they are not slaves of external 
conditions. 

By a few simple expedients a female cankerworm moth can be 
made to give some interesting demonEtrntions of certain tempera- 
mental tmite slie possegses. If one is placed on a table at night and 
an electric light is held within 2 feet of her but to one side, she shows 
at once tiiat liglit h^ a very powerful attraction for her. She 
immedifltcly runs rapidly toward it. If the light is moved about 
over the table the moth follows every motion of it, and can lie made 
to describe circles and all kinds of intricate figures until tlie experi¬ 
menter tire's of the sport. 

This idiosyncrasy of the moth for going toward the light is an 
e.'tainple of whnt biologists cull tropitmt. A tropism (from the 
Greek trepgin, to turn) is an innate quality in an animal that makes 
it react in one way or another to external stimuli, without its will** 
having anything to do with its actions. Tropisms may be either 
potittvc or according as the iinimal turns toward cjr awav 

from the source of the stimulus. Plants also have tropisms, as fcir 
example, the well known habit of the sunflower for turning its 
face toward the sun. The property of being stimulated to movement 
hy liglit is cJeeignateJ 
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Another experiment with our moth will show that she an 

impulse to go upward. PIboq an active individual on the side of s 
vertical block of wood and alie iininediately starts to ascend it. 
Turn die block end for end, she re vetoes and atiirU upward once 
more, and again tlie experimenter may amnse or instruct himself 
indefinitely or until he wearies of reversing the block. Any creature 
possess^ of this innate Impulse to go upward is said by the savants 
of tropisms to be endowed with tieffaiive ge<firopi*m^ signifying that 
something impels it to go atvay from the earth. 

Besides phototropism and geotropisni there are many other tro- 
ptsms; that is, if tropism Is anything more than a theory, or a name 
for something wc do not imderstond. Reaction to heat is 
tropimn; reaction to water is ApdrotropUm; reaction to chemical 
substances is ehetwfyvpisffi, the lost ordinarily called smell or taste 
in animals with con^ious perceptions. But all tropisms in animals 
are supposed to act in a purely mechanical way by affecting the 
muscles of locomotion or those by which the movements of the'erea- 
turo are directed. Thus, in the case of phototropism, if the light is 
coming at an angle, it strikes on one eye stronger then on tlie other, 
and if the animal is endowed at the time with positive phototropism, 
the reflex nerve current generated by the light on the optic nerve 
stimulates the muscles most strongly on tlie side of the body witli 
the eye that receives the most light. These muscles contract, the 
^®dy bends toward the light until both eyes receive the some stimulits, 
^e creature must inevitably go toward the source of the light. If 
it is a flying moth it beats itself against the globe or bums Ttsalf in 
the flame, unless it possesses a strong negative thermotropism; then 
the heat repels it and It flies in circles about the light. 

The mechanical idea of tropism was first invented to explain tfie 
movements of certain plants, and was later extended to animals to 
account for the definite responses to specific stimuli by such animals 
as could not be supposed to receive conscious sense impressions or to 
have the power of voluntary action. Kow there is a tendency to 
explain the acts of all animals as tropisms. A study of the behavior 
of animals under different oonditiotis, however, nece^itates a modi¬ 
fication of the extreme mechanistic conception of tropisms as applied 
to animals. Night-flying motJis, for example, are attracted by artU 
ficiul lights blit are nocturnal in their habits; they arc positively 
pimtotropic only up to a certain degree of intensity of light. We 
have noted, also, tliat the nocturnal canker worm moths betmme 
active III a cage as evening approaches, regardless of artificial illumi¬ 
nation about them. Tlicy appear, therefore, to have regularly re¬ 
curring periods of activity whidi are not influenced hy local ex¬ 
ternal conditions. Periodic actinty of thk sort is known as phvao- 
logical rhythm. Many insects and other animaLs are endowed with it 
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The persistent going upward of the cunkf'rwom moth might ap* 
pear to the (rfjserrer to be due to her center of gravity being behind 
the of her legs, which, bj n natural equilibrium on a vertical 
surface, would swing her head upward and induce her to go in this 
direction as the one i^aiest to foUow. But let her ascend to the top 
of the block and see what she does there. She very simply goes 
around the edga of the top surface and then proceeds down on the 
other side. The descent is made partly in a poisitlon with the head 
down and the abdomen straight up, and partly in a aide wise attitude 
with the body suslained horiiontally* Clearly, then, the moth b not 
guided in climbing by any mechanical adpistment of her weight 
with regard to gravity. 

A child tt‘atrhSng a canker moth go up the block, encircle the top. 
and then go down again would say the motli found no way of going 

higher and bo did the nat¬ 
ural tiling in going down 
again. The biologist, how* 
ever, who has invoked a 
tropism to get the moth up 
to the top of the block, 
must Invoke another to get 
her down. He, therefore, 
saj^ that under the altered 
conditions the insect has 
become negatively geo- 
tropic, without eAplainiEig 
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tive geotropism, which will 
become active again when the insect subsequently encounters a 
vertical surface. 


In this oonnectlmi it is interesting to note that when the moth is 
on a vertical surface the light does not attract her^i She persists in 
going tip or down regardless of where the electric bulb may be held, 
though on the hoHj^ontal surface she once more follows its Icad^ 
Either, then, her geotrupistn is blrongor tlian her phototropism, or 
the condition of being on u vertical surface somehow ixthibita her 
response to light 

The writer is not particularly recommendirig the theory of tro- 
ptems as applied to animals. The evidence in favor of it has been 
prcsentcil too exclusively by ite devotee= 5 ; the work of skeptics would 
be more convincing. But a careful study of a]] the facts bearing 
cm the hahltts and behavior of insects, and the physical and phvsio^ 
logical conditions that modify them, is ver^^ much to be desi^' re¬ 
gardless of what conception we may have of the inner working^ of 
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tlie insect oignnism. A study of insect “ p^chology ^ is likely to 
open niany new lines of attack in our elTorts to control the rava^ 
of injurious st^ecies. 

When the female fall cankerwonn moUx is ready to deposit her 
ejrgs, she selects a site most anywhere on tlie limbs or twij^ of the 
tree she lias ascended. The eggs am stuck to the sarface of the bark 
<%, 16, A), not tucked away in cracks or crevices as are those of the 
spring cankerworm. IMicn placed on a large limb tb^ are spread out 
in a flat mass, but on smaller branches the mass is curved to fit the con¬ 
tour. and on the twigs it may almost completely encircle the sup|>ort 
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like a cylindrical jacket (fig. 16, B), Each egg looks like a minis- 
tare earthenware jar (fig, IT, B, C), grayish in color, fiat on top, 
roumled at the botloiu. TJie eggs all stnfid close together, fii^ent'd to 
the bark by n gluey substance which the female discliarges from 
g anris connected with the opening of her cjrg duct. The eggs am 
often 80 evenly placet] that their tops form regular rows in tliree 
across the surface of tlie mass. Usually there are between 
— an 800 eggs in eaeli moss, but there mnv be as many as 400 
After disposing of her eggs, the female in most cases is shrunken 
anti cshaiistcd. Of two moths that deposited tlie last of their eccs 
in captivity on November 0 and 10, reapectively, one sal beoldo them 
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C^Ti tho twig fdr d day and a half, tlie other for two whole day a- ifoSst 
of tho time each mamtainecl the curious attitude shown at A and B 
of Figure IS, the body being propped up almost rcrtical on tlie front 
and hJnd pairs of legSj while the two middle legs were slowly waved 
in the air. Finally the moths became 9a weak that the failed 
to maintain the grasp on the twigj and each In turn dropped to the 
surface of the table below, landing legs upward, and remained help¬ 
lessly in this position. But life was not yet extinct. The female that 
deposited her eggs on tho ninth lay for three full daj'a slowly moving 
one leg (fig. 1$^ C>; the other showed similar but decreasing signs 
of life, until finally there was but a feeble trembling of one fooL Both 
died on the 14thj Rw nnd four days^ respectively, after egg laying. 

On the other hand, active and plump-looking females are some¬ 
times taken out of doors, wdiieli, when killed and di^cted, are found 
to bo completely devoid of eggs. These cggleiss females almost 
always have a laigo bubble of gas In the tharat, contained in a sack¬ 
like pouch of the ccsophagiis. Specimens with eggs were never found 
to contain tJib air bubble- All of the fcnial(58, however, undoubtedly 
soon perish ; and the males must encounter a sunilar fate. 

The lives of these creatures seem to us to be hut periods of miserable 
existence, activatctl by an Iticomprehcnsihlc devotion to a physical 
dtity. Yet, there is no reason to believe that they suffer; they arc 
simply differently constituted in some way from the majority of 
insects^ Their lives are as normal ns are those of the warmth-loving 
moths that flock to our lights on hot summer evenings, or of the seem¬ 
ingly care-free butterflies that froqtaeut our gardens on sunny after¬ 
noons* where they meet their nfiiiiitie^ or refresh themselves from the 
nectar of the flowei-s. 

The egga of the fall cankerworm remain on the trees all winter to 
hatch next spring about tho first of Alaj'i or about the time the new 
leaves arc Unfolding. When nature gives the signal, the caterpillar 
within the egg gnaw's an irregular hole in ihe top of its cell large 
enough to permit it9 head to emerge (Gg. 13). Then a long, slim 
body suddenly shoots out, pulls itself free from its prison, and the 
young cunkerworm lotips away in search of its first meal* 







A BOTAXIC.U. TfilP TO ECUADOR, PERU, AND BOLIVIA 


Bj A. S. HlircftcwR 


{With Ifk plates] 

In order to obtain direct information cfmcernjng Iho grasKfes of 
the central Andes region a trip wag made in iSfSS to Eeuador, Peru, 
and Bolivia, leaving Washington in May and returning in Febrtiafj% 
The work w^as primarily for the Department of Agriculture but 
that done in Ecuador was in cooperation with the Gray Herbarium 
of Harvard University and the New York Botanteai Garden. 

ITIK^RAilT IN ECUADOR 

Arriving at Guayaquil June 16, several days were spent in estab¬ 
lishing connections. Dr. F. W, Godingj our elScient consul general 
at this city, was very helpful throughout my stay in Ecuador. 
Through the courtesy of Hr. Orr, geologist, and Jlr. Clark, manager^ 
five days were spent at a camp between Guayaquil and Salinas 
w Iiere a well was being sunk in search for pet role uuu After collect¬ 
ing a few days m the vicinity of Guayaquil, hcadqnariem were re¬ 
moved to Huigra on tlie railroad to Quito at an altitude of 4,000 
feet. Three excursions were made from Hnigta to the coastal plain. 
The first was to Inganio Voidest, near Aiilago, a sugar plantation 
and factory, of which Sr, S. Peres; Conto is manager. ^!r. Meig^, 
superintendent, and Mr. Platts, chemist, are Americaiu^. Mr. Pa- 
ebano, an Ecuadorian botanist, aided greatly here in the collecting 
of materiaL The second visit wag to Teresita, a plantation owned 
by Air. J. A. Cleveland, an American long resident in Ecuador. 
This jilantation lies in a very wet belt at the foot of the mountains. 
The third visit was to the Ponigon plantation, 8 miles south of 
Alilago. Tlie manager of this plantation Is Mr* James Eorer, the 
w'ell-known mycologist, formerly of the United States Department 
of Agriculture and of Trinidad, West Indies. 

After collecting oeveral days at Huigra, headquarters were tran^ 
ferred to Quito July Zl* Au^pist o to August 15 were occupied by 
an overland trip to Tulcdn at the Colombian border, accompanied 
by Mr. J* IL McWiliiam, of Quito, who was friend, guide, and in¬ 
terpreter. The route lay through I>a Providencia, Otavalo, Ibarra, 

m 
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Ijft Itinconaila, and the return about the same way, passrinf: tbroujrb 
Mnlchingui and Pomasqui. La HLnconada is a lar;?* ranch, whose 
owner, Sofior Tomayo, courteotuily entertained us. After our return 
to Quito a visit was made to PicbincUa, a volcanic cotic 15,000 feet 
high a few uiiles from the city. 'Hie next overland trip was made 
in company with Mr. McWilliant throufth southern Kcuador, 

£5 to September 13. Going from Guayaquil to Santa Itosu bv 
boat we took horses for the remainder of the way, 'Phe first stage, 
two days, brought us to Portovelo, a gold mine in charge of Ameri¬ 
cans. The manager, Mr, Tweedy, whom I met in Quito, and Mr. 
Kellogg, the superintendent, entertained us here, and the American 
conditions, including food, were surely a pleasant break in the 
primitive life wo had lieen Jiving. The second stage, three days, 
lirought us to Loja hy way of Jil Tambo and La Toma. Tiie third 
stage, four days^ travel and one day’s rest, brought us to Cuenca, the 
third city in Ecuador. The route lay through San Lucas, Ona, and 
Kabdn, The fourth and last stage, two days, took us to Huigra on 
the railroad. 

In September ilr. McWilliam and I jounie 3 'ed Into tiie Orlcnte 
& short distance, starting from Ambato. At the end of tlic first day 
we reached Banos and the ■<iecond day Cashurco. We returned to 
Ambato at the end of the fourth day. On October 4 an a.sccnt of 
Chimborazo was made to snow Hue at about 16,000 feet, starting 
from Urbina on the Guayaquil and Quito railroad feet). 

Tills ended the field work in Ecuador. 

TOPOORAPUY AND CI.IMATE OF ECUADOR 

Ecuador has three well-marked regions—the coastal plain, be¬ 
tween the Pacific Ocean and the Andes, the mountains with their 
interior valleys, and the vast forested region to the east of the 
mountains, the Orientc, 

The coastal ]dain ia about 100 miles wide, and gradually rises to 
the base of the mountuins where the elevation is about 1,000 feet 
(ot Ducoy on the railroad). The rainfall m heavy in ihe Colom¬ 
bian coast region and in nortbem Ecuador but decreases rspidlv 
southward and one soon arrives at desert conditions in nortlierii 
Peru. The temperature of the tropical west coast of South America 
south of the equator is much modified by the cool Huml>oldt cur¬ 
rent coming up along the coast from the Antarctic regions. The 
coostfll cities are not us warm as the latitude would indicate, Tlio 
average temperature for Guayoqiiil is 27“ (flO-* F.) for the vear 
(83" F-J in Jnnuan' and (78“ F,) in Jnlv. Tiie maxi¬ 

mum of 35” {05" F.) and the minimum of 19” (ee* F,) are verv 
i-arcly attained, 'fhe daily variation of temperatures is usually le^ 
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t]iiin 15® F. The raijifall by months in inches (United States 
VV'^eather Bureau) is as follows: 


titlfbMF 

J(mtiary„_ __ 0.0(2 

Itfftieft 

JhhiI^ ^ tl T& 

[ncFif^ 

Xoi'PIntliir fl 

FiBbruaty -- 

Jaly ___ ,>11 

DoopiDbeT^^__ 1.84 

Mjin:J!i _ 7 

AiuniAt mi 

April . , 5,22 1 

Ma^ - 2.33 

ScflUcmber - , ll 

l>ctQber .43 

TotaJ ___ 3ft, IK 


The mounlainous portion of Ecuador, the Cordillera, consista of 
two main nearly pamllel chains with high valleys or plateaus be* 
tween. The interior valley is divided into depressions by cross 
ridges, The only railroad of importance runs from Guayaquil cast 
to Buciiy and there begins the ascent of a valley, climbing past 
Hiiigia and Alausf to ti^o puss at about 10,000 feet, then descends 
into one of the valleys to Hiobamba, then over anotlier pass, at 
Urbina (nearly 13,000 feet) on the flank of Chimboraao, and Into 
another valley with Ambato as its center. Tliere is nnciher pass 
in the vicinity of Cotopaxi, and one then descends into the valley 
of Quito, the northern terminus of the railroad. The valleys are 
8,000 to 10,000 feet altitude. Further northward there arc the 
valleys in which lie the cities of Ibarra and Tiilcin, The climate 
m these vaDeys is temperate and equable. Tlie altitude of Quito 
is about 9,SOO feet, and the climate is mono bleak than at jVmbato 
at about 8,500 where it is vciy siitisfactonv. llie average yearly 
temperature at Quito is about 12^“ {54i/,» F.) but the daily varia* 
hon may be as much as 18“ i\). The rainy season is fmm 

Junuar}' to Alaj, Lmd the total average annual precipitatioii is 1400 
rnm. (40 inches), but since the city lies between two regions of oppo¬ 
site ram fall periods (in the cast Andes tlie rainy season is from 
Marah to Xovember) tJierc is some min during the dry sexs^m 
Tlie average total for tlie live montlm of the rainy season, January 
to JJay, m 654 mm. (according to Hann, Handbuch der Klimutoi- 
ogie), and 463 mm. for the dry season, June to December. 

There are almut 20 Bnow-tappod peaks in the l^cuadorean Cor¬ 
dillera, some of them being among the highest of the Andes. The 

Chimborazo (about 
Tunguragua (about 

16,700 feet). These are majestic volcanic cones viBible at a '"Teat 
distanue^ 

The ladder-like structure of the Cordillera of Ecuador is shown 
by the following table. The route from TuMn on the nortli to Uja 
™ the south traverses eight major poBses. The cities He in the vallevs 
between. The po^ are at appra.'dniately the lowest point in the 
™ range. The heights m meters are taken from Wolf {GeoLrrafrn 
y Geologfa del Ecuador), the equivalent l^ing given as feet in paren- 













338 ANNUAL REFOUT SAJITHSOXIAN IXBTITUXIOX, 1034 


thcsi& The Altitudes of the towns in feet are from the CommerciAt 
Travelers’ Guide to Latin America (Dept. Commerce, Misc. Ser. 89). 
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The liighland of the Andes is usually known as the sierra. The 
forested slopes of the eastern side are called the montaila. The high, 
treeless regions below snow line are called pdrumos, the same name 
lieitig used in Colombia. 

The Oriente is the region lying east of the Cordillera in the val¬ 
ley of the Ama7iOn. It gradually merges into the montnna of the 
east slope and is only partially explored. The inhabitants are inosth' 
indios or aboriginal tribes, though there are a few settlements of 
Imlf-casts and negroes along the rivers, with here and there a white 
man. The Oriente is in the main corered with virgin forest and 
travel is chiefly by canue at the lower altitudes. In the western 
portion where Uie rivers are too precipitous for canoes the travel 
b'by trail, hut owing to the high rainfall, the absence of bridges, 
and the general defectiveness of the paths, the going is difficult. 
Much of the Oriente is disputed terrltoty between Ecuador and 
Peru. On Peruvian maps the boimdary line runs about 20 miles 
east of Loja, Ambato, and Ibarra. 

CITIES AND SAtLRDADS IN NCUADOK 

Aside from the disputed Oriente, Ecuador has an area of about 
120,000 square miles, about the size of Arizona or New Mexico. Tho 
largest city, Guayaquil, has a population of about 100,000, and 
( jiiito, the capital and second city, n po[)uktiDn of iihont half ns much. 

The most important railroad, the Guayaquil and Quito, goes 
across the coastal plain from Duran, opposite Guayaquil, and 
ascends a valley to the sierra, passing by Hutgra and Alaust. The 
building of the road here woe difficult and the scenery is correspond¬ 
ingly magnificent. In places there was not room for curves, so sn iteb- 
liacks or zigzags were resorted to. After rising over a pass at PM- 
iiiyra a bleak wind-swept piirumo of aimut 10,000 fret altitude the 
road descends to the valley of Riobamba, which is the terminus for 
tlie first day’s travel, as the trains do not run at night The second 
day the train passes over the flank of Chimborazo, which great snow- 
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i:Q%'i;rcd coue a magnitieent sight m cl&ar weatLei\ the road i^acli- 
ing all ultLiuate altitude at Urbina of nearly 12,000 feet^ tben on into 
tbe valley of Ambato and Latacimga, over anotlier pasfa near the 
^reat peak of Cotopasiy and On ally descending to Quito^ whlcb lies 
in a sort of bowL A fair minor railroads lead inland a short dis¬ 
tance from some of the coa^ toi^-ns. Hie commerce of the interior 
cities that are not served by the railroad is by means of pack trains 
over roads that are much used and rarely repairedp 

PRODUCTS OF FGUADOE 

The chief industry of Ecuador is agriculture. The niinerid re- 
iwurces are great^ but through lack of suitable facilities for trans¬ 
portation these resources have been only partially developed. There 
is a large gold mme at Portovelo, in soutiiem Ecuador, where we 
had the privilege of staying a few days on our journey through this 
region. Copper and other metals are also found and petroleum is 
produced in the region west of Guayaquil. 

The chief agriciiltnral export product is caeaoj from which choco¬ 
late is made. Tlie industry ha.'? l>ccn threatened recently by a db- 
case, witches'-broom* which has greatly reduced tlie output in cer¬ 
tain regions. 

Sugar raising is an important industry but tfie product is chiefly 
used within the country. Considerable coffee is esported, and for¬ 
merly the ivory nuts and rubber were important prt^ucts. 

The making of Panama hats is the leading manufacturing in¬ 
dustry, of which the export value for 1&2(1 was $1,500,000. These are 
made from a palm growinj^ on the coastal plain and are woven or 
plaited by hand. In some localities a. large part of the population 
from children to the aged take part in the niatnifacturu. 

In the valleys of the interior the usual crops of temperate re¬ 
gions are raised, mostly for home consumption, such as wheat, bar- 
icy, and alfalfa. Stock raising is mcreasmg in importance. 

COLLBCTIXG l*I,AXTS IN EtJUAlJOR 

As tl)e work in Ecuador was of a cooperative nature as indicated 
in the first paragraph, the collecting included all kinds of fiowerinn- 
]>lants of wliich throe seta were obtained. The i^oUcction inclnded 
2437 numbers (10914 to 22050), a large part of which were obtained 
m triplicate, A aiifiicient amount of stock newspaper sheets cut to 
olders lli/^ by 16^ inches, the so-called inner sheets, was taken 
from America for the entire trip as one can not depend upon gettintr 
such things in Ecuador. Also there were taken about 500 driers, and 
200 sheets of corrugated paper faced on one side. Two kerosene 
cooking lamps with 4-inch wicks furnished the heat. Packages of 
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plants, pla^recl over u stove and aarroi;mded by a curtuiTi of clotb to 
force the hoi air through the packages, would dry in a fexv bourn 
The pomigated paper between the specimens allowed a free circa- 
tation of hot nir. 

Wh^n coUcctlons were made at towns along the railroad and one 
could do the drying at a hotel there was little difficidty in prepare 
ing sped mens- In visiting outlying placeiS and traveling overland 
certain modiQcations w'ero necessary. 

The iisiial method of travel overland is to hire horses or mules 
with driver for a dchnite stage, usually not to oNcoed two or three 
daysv In addition one should have a guide and interpreter- In the 
piwmt case I was fortunate in havinif the services of Jlr* J. R+ JIc- 
WilliaiUt a young SoveniU-day Adventist missionary of Quito, who 
spoke Spanish and was familiar wdth the country and its customs. 
Most of the natives — ^that is, the Indians—speak Quichua and often 
little or no Spanish^ The mule driver, however, could net as an in¬ 
terpreter for Quichua. The outdt was reduced to simple terms and 
was carried on two pack aniinaLs. 

It is essential to successful travel that one should preserve one's 
health. In the uplands diere was no malaria but dysentery and 
other intestinal diseases were common. To avoid dysentery and 
typhoid one should drink no unboiled water and eat no uncooked 
vegetables. Fresh fruit should bo inspected and peeled with care. 

Since the travel was in a primitive country it was necessary to 
provide certain comforts in order not to be worn out with the con¬ 
tinuous strain of hoi^baek riding. I took w iih me from Washington 
a McCkllitn ariiiy saddle and a saddk blanket, also a folding army 
cot with pad or thin mattms, and blanketiL In actual travel navy 
duftle sacks of heavy canvas w ere used to holii the baggage, one sack 
on each side of a mule. The cot and pad filled om sack. A supple¬ 
mentary stipply of food WB 5 taken cls one could not depend upon 
ptting what one needed at email inns or tambos. Such sapplies 
indiidcd rondensed milk, sugar, tea, butter, ssrdmea, canned salmon, 
canned fruit, and crackersL Sometimes it was necKsary to stop at 
Indian hiitfl. Bread could rarely bo obtained except in the larger 
plai^. 5Iiik, butter, and sugar were luxuries. Hot water coulcJ 
always be furni=^hed and usually caldo, a kind of stew or soup with 
potato and scraps of other things—just what other things one could 
not know. Eggs could ^metimes be oblained. Candles were a neces¬ 
sary part of the ft|uipment as light is rarely furnished at small pierce 
Tlm^ towns are situated in fertile valleys and these, being highlv 
cultivated, furnish little of value to the plant collector. The inter 
esting plants were obtained in going over the pa,^^. On the other 
hand the limiting factor detemdning the omngements for each 
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day’s journey was feed for the animals. Tho mules are not giren 
frram but depend upon cut green feed. This is fed at night and 
morning, and Tvhen possible nt noon. In the uplands the fodder ia 
usiiallj iilfnlfa. Other fodder given in rerbiia localities where 
alfalfa was not available was green cornstalks, sugar cane, batnlHw, 
cachi (Axonopvs scoparius}^ and in one region In southern Ek-iiador 
rakes of raw sugar. Because of the necessity of stopping overnight 
m tlie towns we were often hurried in our collecting on the i>asses. 
AVe could camp in the collecting areas but we could not provide 
fftr the auimals^-a prime consideration in traveling. In some 
places there was grass, but it was not practicable to allow the animals 
lo roam over grassland at night If they are not lost they have at 
least been unable to take prt)i>er rest and are likely to gi™ out the 
next day* 


Since we drank no unboiled water, we depended on large quantities 
of weak ten at our meals, supplemented occasionally bv bottled water 
or pop at the larger towns. Traveler generAflv deiiend ou Iwt- 
tM iwer or other alcoholic drink which la widely distributed, being 
sold at the smallest roadside shop, but we were at a disadvantage as 
we did not drink l>cer. 

It was fortunate that I took with me a cot. This I used even 
though there were a bed in the room. Insect pests were usuallv pres¬ 
ent in the mnaller hotek or in the Indian huts wjiere it was nciiessarr 
to stop. Tlie usual pests were fleas, bedbugs, and lice. In setting 
up the cot I was careful not to let It or any of my belongings touch 
the Balls. Furthermore, at Indian huts I would not have been 
allowed to stop if I could not furnish my own bed. Being a white 
man, the natives would not consent to have me share their simplo 

be longings 0 fte r t hei r o wn ma n nc r. 


ITIf^ERA^tT IN PERU 

Peru wus entered at Callao, the port of Limn, which lies a few 
niiles inland. Lima is a fine modern city. Tlie climato here is fine, 
and, though in the Tropics at near sea level, the bent is never oppres- 
sive The whole const south of Ecuador is kept cool bv the Hum- 
^Idt Current coming up from the south. Too days were spent at 
inma estahlishing conneetious for further work. 

The firet trip wag to the interior over & wonderful mountain rail¬ 
road to Oroya. The train leayes Lima about 7 a. m. and for three 
houre revels the coastal plain, 'llien it starts to elimh the great 
Co^illera through a most amajting series of gorges, crossing deep 
valle:^ and skirting precipices. At about 3 p. m. the summit of the 
Iiass {m a tiinnel) is reached at nearly 16,000 feet (15,689 feet) and 
then descends to the town of Oroya at about 19,000 feet. Thus in five 
SCaOT—25- - 23 
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hours ono Ascends from uear sea level to ne&riy 11^.000 feet^ a ^rent 
strain on the liodilj organs, and manj people are attacked hy soroche 
or mountain sickness^ The tunciol at the summit is S,8£>d feet long 
and the place is sumounded hy hlgli snow-capped peaks and ridges 
rising 1,000 to 2,000 feet higher. T\\^^ vegetation here appeaired to go 
up to almost 17,000 feet. Some idea of tliie remarkable railroad 
nmy be obtained from tiie fact that on the road, iiicliidiiig the 
branch to iluoncayd, there are 0,^1 tunnels^ LO ol them being more 
than 500 feet in length, 21 switchbacks or j^igzaga, annil 01 bridges^ 
The Bcenory Ls indescribably grande 

Througli the courtesy of the Cerro de Pasco Copper COi, I was 
able to stop at tlie company’s hotel and also later at Cerro dc Pasco. 
From Oroya I went by auto to Tarma and then to La Merced^ 
descending to about 3,000 feet. The nc?;t morning T went on horse- 
badc to Colonia Perene* a large cqfTee plaiitation on the Perenfi River 
ufc about 2,000 feet altitudei in the Amazon Valley. I presented 
niy letter of introduction from the Peruvian Corporation in Lima 
and was cordially entertained during my stay by the manager, Sehor 
Vallc-Riestro. On the plantation are l»GO0,OOO coffee trees. 

On the return from the PereniS Colony i went to Junm, on the 
road to Cerro de Pasco, where 1 was met by an agent of the Atoc- 
saieo Ranch who conduetcf] me to the ranch about 12 miles to the 
west. Here 1 was kindly looked after by ^fr. McKenzie, the man¬ 
ager of the ranch, to whom I had a letter from Senor Rizo-Patron. 

Atocaaico is a sheep rtLitch at about 13,000 feet Rlthude* containing 
11.000 acres* The sheep graze the year around and there is plenty 
of ivater. The equipment Ls modern and in good condition* The 
annual production of w’ool is a1>out CO tons- I was surprised to 
learn tliat one of the pests against w hich they are conMantly fight¬ 
ing is the oemdor* 1 saw a huge pile of wings which represented 
dead imndors for which a bonus had been paid. There are no trees 
on the ranch as the altitude is too great for their growths The fuel 
is dried turf* It w'oa interesting to noto that they make thair own 
lime from native limestone using .sheep manure for fuel. 

The next stopping place was Cerro de Pasco, a cold bleak min¬ 
ing town at an altitude of 14^300 feet* Tlie road from Oroya to 
Cerro de Pasco lies over a great plateau or plain ijcveral miles wide 
at about 13,000 feet. Mr* Philpotl, the superintendent, was very 
courteous to me and made arrangements for q visit to OoyllarLsquisca, 
Fotiunatcly, 1 was not at all afTected by soroche or I should have 
been much inconvenienced by work at high altitudes. Mr. Phllpott 
stated ilu\t 7 out of 10 people siiffer when tliey first come but 75 per 
rent of tlici^ie recover in a few days. Others must descend to hrwer 
altitudes at on^'o or serious resulla may follow,, The high altitude 
had a noticeable effect in that Jiiy lungi? did not get sufEdeUt air 
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wMle at t«st ami I would siidd^ly rc<|uire a long breaih. This 
became troublesome os I was going to sleep. My lungs accustomed 
to slow down Would not supply sufficient oxygen and I would gasp 
for breath at the point of losing consciousness tlitis bringing me wide 
uivuke. This condition might continue for half an hour before I 
would linally go to steep. 

From Cerro de Pasco a trip whs made on horseback to La Quiii- 
Ima, 3,000 feet lower down a rocky valley, and another by ruil to 
Goyllarisi[iusca. From near the latter place wo descended on a 
cable car 5,000 feet to a coal mine. In this vicinity grasses were in 
good condition and a fine collection was made. 


On retiiming to luma 1 took a steamer for MoUendo, a port in 
souther Pern. In general the wliole coast of Peru and northern 
Chile is a desert, rain coming at infrequent intervals. Sometimes 
one to several ycare, or even as much as 15 years, will pass between 
powers. At MoUendo tiie conditions are such that rains, though 
infrequent, come oftener than at other parts of the coast. At the 
time of my arrival the bills back of the town were green as a result 
of recent rams. I took advantage of these favorable circumstances 
to make a collection of the entire flora. The verdure extended for 

a narrow bolt o^-er only a few miles and back of this all was desert 
aguia. 


From MoUendo I went by the Southern Railroad to ArequipB 
a fine «ty at 7,500 feet altitude. On the way we passed the diioua 
tresoen^shaped sand dunes that are moving across a desert plain 
■niese are 10 to la feet high and about 100 feet across, all the same 

thousands of them, moving in the 
di^mn of the p^vailing wind, high in the center aud^pering 
out to the pomt of each crescent. The plain iladf was of brown 
dirt but the dunes were nearly white, thus conspicuously set off 

coincidences of personal contacts, I may 
^rd that I met hero Mr. Delgado Vivanco, whose brother was 
a dassmate of my son s at college and who extended to me at Are- 
qmpa many <»iirtesiea. Arequipa is beautifully situated. In the 
ycjmty are three high snow-capped mountains Chachoni fSOOOn 
f«t) Misti (I9,15(, feet), S-Picha 

close by, is a nearly perfect cone, ^ > 

brfr!!r I ^ent to JuiiacB, where the road 

tps ^ 

his guest over one train. Tlie ranch contains 18^00 S 
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devoted mavnly to ahwp, of which they have uiwut 15^0 head, 
'riie altitude is about 10,500 feet. The gmaiug hero is fine. 

The road to Cusco continues ovei- a great plateau l-ijOtw to L 4 /jw 
feot altitude, pacing over a divide ht 14,153 feet and descending to 
CU 55 CO 11,000 feet. Cuzco is one of the old Iiicii cities and 
much evidem-e of Inca architccttite. The Spaniarda destroyed n 
larcr part of the old city, but many of the foundation walls ^niain 
u™n which modern structures have been built. One cun diseera 
a! a ulanee the difference Iwtween the old and the new. The old 
Incn walls aits much more subetiuitial and letter made ^s a rule. 
In the outskirts are the well-known ruins of extensive fgrtificntmns, 
which I examined with interest and of which 1 took several photo- 
mtiphs. The old walls ure remarkable for the great fliM of many 
S^the stones, weighing mimy tons. The 

weiffb 3(11 tons, and some of them to mensuro u by 14 b) 1- tee. 
The second remarkable feature of the walls is the perfect htting of 

the s4oncs which are set without mort-ir or cement. 

I'hrough the kindness of oRlcials wliom I met at Cusco I washable 
lo make a trip on a new railroad to Ollanta>tambo and by horse 
about 10 mi lea further dowm the valley toward Santa Ana, the 

ultimate destination of the road. . 

\t ClInntavtamlKp there are more In(‘a rmns. On top of a \e^ 
steep hill are several fine walls. AL^ there are 6 large stones 13 
bv 7 by 6 feet. How were they brought up here' The stones for 
ail the Hlructunja were brought from a quarry many miles away. 
The builders liad no beasts of burden except the ineflicient llama, 
and nc^ iron for in^mments- 


TOP^KiltAPElY AMI CLIMATK OF PERU 

In a general waj tb& topography is similar to that of Ecuador. 
There is a coastal plain between the mountains and the Pacific 
Ckean; a mountain nia^. the Cordillera^ extcmlmg north and ^anlh; 
ftnd to the east a forested slope in the Amazon Valleyr Tlicse three 
regiouts are iiaually re furred to as La CucartaT the Sierraj and the 
MoutoTia. 

The coastal plain (La Cue&la) is extremely dry and, wUli the 
pbin of northern Chiby constitutes one of the greart desert regions 
of the woflda Tlicre arv numerous rivets, however, fed by mountain 
snowg, tUftL find their way across tlie desert to the oceanA The 
valleys qI these rivers arc occupied hy an agricnltural population 
that uLUizcfi to the full the water for irrigntion* As there are no 
railroads running iiorth and south to connect thtssc centers of popu¬ 
lation, there is little comninnicatiuii Itelween them. In most cases 
the area of cullivation some dbUnce from the coast and the 
towns arc oojmccted with a sea[Jort by a short railroad. The outlet 
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ill all these caseB is by seui the iBolatcd cammunitit^gi Ijeing' served by 
coast TV iso Bteattier^ 

The Cordillera is broader than in Ecuador and consists, through 
much of Peru, of two more or less distinct rauge^k The valleys be¬ 
tween art*, in places^ high broad plains or plateaus with an elevntion 
of 12^000 to 14,000 feet- There are numeroua lofty peaks^ seveiat 
more than 18,000 feet. Tlio mountain region^ especially the part 
above treo line, is called the Sierra, Tlie high plains and ridges 
below snow line are called punas, puna corresponding to p&rumo in 
Ecuador and Colombia. 

Tlie forested slot^e to the east^ Oie Montana, runs off into a com¬ 
paratively uninhabited region as in Ecuador. Bui the subtmpEcal 
slopes and valleys in tlie foothills am highly cultivated. 

The climate of Peru is so vnriwl that no general statement of 
value can Im? given. The coastal plain is dry and comparatively 
cool though tropical. Tlie Montana is strictly tropical and for the 
most part has a high rninfalh Tho Sierra h temperate and on the 
high plateaus may be cold mid bleak: 

ITie temijcraturos and rainfall for three places will give a good 
idea of tlie climate in a general way. 

Lima on the coastal plain near sea level* Yearly average temper- 
atnm (G6“ F.); average for August 15.0® (M® F.); average for 
February 23^^ (73® F,)^ The average annual rainfall is 43 mm. (LS 
inches) of which 26 mm. inch) fall in August and September. 

Arequipa, feet altitude^ on the Pacific slope of the Andes. 
Yearly average temperature 13.5° {561^® F.)^ average for June, the 
coldest month, 13.2® (odFs® F.) i average for October, the hottest 
month, 14° (5Tty4® F.). Tlie average annua! rainfall is 14T mm. (0 
inchea) of wldch 142 mm. fall in January, Februarv, and March. 

Cuzco, in the Sierra, at 11,000 feet altitude. Yearly average teni- 
I>eratiire 10® (50® F.); average for July, the colder month* 7.7® 
^(40® I.); average for Novemlier, the hottest month, 11,3* (52^^^® F-). 
The average annual rainfall is 080 mm* (39 inches). 

In the Montana of eastern Pern the rainfall rise^^ to 100 inches. 


CITIES AXD Il.\ILROADa 0¥ PEHU 

Lima, the capital of Peru, is a fine city of about 235,000 inhabt- 

buUdings. CalJtto, its wuport, with 
Bboiit SO,000 mhabitiuits, is a few miles away, but tlie two cities are 

CnzcoTf Ai-cquipa has a population of 55,000 and 

Aside from the railroads connecting small seaports with the 
interior s^icultural vnileys of the coastal plain, there are two main 

J ^ mentioned in a preceding pam- 

frraph. The first goes from Callao to Oroya and on to Cerro de 
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Pa^, with a broucli from Oroya to HuaJicayo. The other go^ 
from Mollendo to CJuzco, with » bnincli from Jiiliaca to Lake Tili- 
eaca and on to Ia Paz* 

Another road goes on from Cuaioo to Goyliarteqiusca and a new 
road is under consstruction from Cussco down the Urubamba Valley 
to Santa Ana. Several of the rivers of eastern Peru, branches of 
Ilia Amazon, are navigable. Iquitos in the northeast ia tlie outlet 
for all this part of Pern. Iquitos though 2,3M miles from the 
mouth of the Amazon has an altitude of only 330 feet. There are 
regular sleanisliip connections with Manaos and Pard in Bray.il, at 
which latter place one can get steamers to tho United Statca and 
Europe. 

products of PERU 

Agriculture and mining are the two great industries. Among 
agricultural products sugar takes the lead and cotton is second. 
These crops are raised ciiicHy in the irrigated volleys of the wastal 
plain. In the Montana of the cast coffee is imporUnt, and in cer* 
tain locahtios coca. There is also some cacao and rice- hormerly 
rubber was a very important product from the wild trees in eastern 
Peru, but of late years the cultivated product from the East Indies 
has replaced it. 

In the temperate regions of the Sierra the prodnets are corn, 
wheat, barley, alfalfa, potatoes, and beans (the broad hcan of Eu* 
ropte). These crops are raised, under favorable conditions, up to 
about 12,000 feet. 

The mineral products of Peru are numerous, with copper taking 
tlie lead ami silver second. Petroleum is increosing in importance. 

ITi:SEItAR\ IN’ BOLIVIA 

After leaving Cuzco I went to La Paz, the capital of Bolivia, by 
Way of Juliaca and Tjake Titicaca. The train leaves Cuzco m the 
morning and, changing at JiiUaca, arrives at Guaejuf on Lake Titi- 
I'sca in the evening. Here passengers take u small but comfortable 
steamer, with cabins, and cross the lake during the night. I.a.ke 
Titicaca is the largest lake in South America, having an area of 
about 3,200 square miles. It is 130 miles lung and has a masimum 
depth of 802 feet. The altitude is about 12,500 feet. Tlie shores are 
for the most jiart low rather than precipitous, and there are no high 
mountains in the immediate vicinity. In the morning passengers 
take the train for I^i Par. over a plateau which gradually rises to 

13.500 feet at the run of the valley in which lies the dty. It is a 
strikingly lieautifnl sight which meets the eye as one looks for the 
first time over this rim to the city of La Pas spread out in the valley 

1.500 feet below. The steep side of the valley is negotiated a 
winding electric road. 
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Four trips were made in Bolivia, to lilimani, to the Yungss, to 
CochsbambAj and to the southern border. 

IlJimani is the most accessible high mountam in the vicinity of La 
Paz. It ties to the east at a distance of about 30 miles and is a 
dominating factor in the scenery. From my hotel window, which 
faced the east, I had a beautiful view of this majestic peak, which 
was perfectly framed between other mountains closer to the city, 
Elspecially striking was the view at sunset as the glistening white 
reflected from the great snow cap passed into pink and purple and 
finally to a pale blue. Tho mountain does not end in a cone like 
Chimborazo and Cotopaxi of Ecuador, but is a short ridge of about 
three p^ks, the highest of which is said to be 21,204 feet. iVnother 
mountain, Sorata (also called Illampu) lies to the north of La Pax 
about 60 miles, but can be seen from the city only under certain 
favorable conditioms. Tliis peak is u little higher than Illimani, 
21,400 feet. In company with Mr, Dagg I went by mule buck and 
with pack animals to Uliniani, ascending to the base of the great 
glacier at about 16,000 feet. It took two days to reach a ranch at the 
ba.se of the peak, one day to make the ascent, and one day to return 
to La Paz. The face of the glacier is about 100 feet high and at 
intervals drops mosses of ice, which roll down the slope for some 
distance. 


The trip to the Yungas was made in company with Dr, Otto 
Buchtien, the well-known German botanist, who has lived many 
years m Bolivia and has collected widelv in that countiy as weB 
as m neighboring parts of Peru and Chile. He has written a flora 
of Bolivia and has a better knowledge of the flora of the country 
than niiy oUior botanmi, 

n V lying on tho Amazon slope of 

toe Conlillera Beal or eastern chain of the Andes, and includes the 
valleys and slopes of the Montana toward the Beni River. More 
J^ificttlly It includes the prorincea of Nor-Yungas nnd Sur-Yungas. 
^rougli the courtesy of Sr. J. B. Ai-amayo, director general of the 
railroad now under corstmction from La Paz to the Yungas. we 
were given facilities for the trip, including transportation on the 
completed part of the road from La Pfu: to Pongo, and mules and 
ri^r into the valley. Tlio roilroad ascends out of the valley of 

f “rf T*' Cordillera at an altitude of about 

feet to Pongo at about la/XX) feet. From here we took saddle 
mul« and one pack mule for a seven dn^V trip through Nor- and 
bur-Yungaa^ First tliere was one long descent oE 7,000 feet, then 
much up and down as nvers were crossed and ridges ascended. We 
passed through ban Febpe and La Florida, ending the eastern 
journey at Chulmuani, the capital of Sut-Yungas. 'Hie route then 
lay through Conpata and Ooroico, the capital of Nor-Yungas, and 
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back by way of Bella Vista to Pongo. 1 was unpressetl with the 
end usance of tlio mules, wliich had aotlving but the usual supply 
of green fodder yet showed no signs of exJiuustion. though travetiug 
04iery day and put to severe testa in the constant ascents and descents 
of thousands of feet. Meantime 1 was collecting grasses as we trav¬ 
eled, this requiring dismounting many times a day ns fipccimeiis 
were observed by the wayside. 

The Yungas is a great center for the cultivation of the coca slmib, 
from tlic leaves of which the drug cocaine is obtained. Tlic loaves 
are Used ahiiost universally by the Indians of the Sierra. The dried 
leaves are rolled up with a pellet of paste made fmm asheai and 
chowetl to get the stimulating elTect of the alkaloid released by the 
alkali of the ashes. 

The dtird trip, to Cochabamba, was easily mode by mil. I was 
greatly aided here tlirough the cooperation of Air. J. JE. Washburn, 
who has charge of the American Institute, an educational institu¬ 
tion. Cochabamba, at an altitude of 8,il>00 feet has a very salubrious 
climate and is a delightful place to live. It is the center of an 
important agricultural district. 

The Inst Bolivian trip which was to' the southern bouddary, was 
made possible tliiougb the kindness of Mr. G. G. Trueheart. assistant 
general manager of the Clcn Contracting Corporation at ]ja Pa*, 
By rail I went to Atoclia, tlio present tenumos of the railroad 
under construction from Uyiini to La Qiiinca in Argentina. The 
Ulcn company fumislicid transportation from Atiwlin to Villaaon 
and return, including const ruction trains for a short distance at each 
end and mules and driver for tlie hiatus l)etweon. Tliis trip took 
about 10 days. Citi mutely Hi is road will be the main line from 
Biicnoa Ai^ to La Past. La Quiaca, in Argentina, opposite Villa- 
ion in Bolivia, was visited to utiliao the better hotel facilities. The 
whole of southern Bolivia is a desert, with inanv species of cactuses 
and other Mrophiloua vegi-tution. 'Ilte agriculture is confined to the 
irrigated valleys. 

After ivturning to Uyuni, tlie departure from Bolivia was made 
by way of Antofagasta, Chile, where I took a Grace I.ine steamer for 
Panama and a Panama Itailmad steamer for New York. 

Tlie south western part of Bolivia bwoinea increasingly arid and 
there niT largC' areas of alkali soil devoid of vegetation. In this 
region' tiicre is much hoiux taken out, 

.\Iy work in Bolivia was greatly facithated by Mr. Joseph FInck 
secretary of our legation at Iai Pqj!, who, in the absence of the 
minister, put mo in touch with ofHciais and others who were very 
helpful in forwa^ing my work. Before leaving p*, 1 had the 
pleasure of meeting onr genial minister to Bolivia, Hon. Jc®o S, 
OoUtell. 
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TOraaiUPIlY AXD climate OF BOLIVIA 

Tlid liigh plateau of eouthem Peru betweea tlie western chain of 
the Andes which southward is the boundtity between Bolivia anti 
Chile, and the eastern chain, or Cordillera Real, broadens out in 
Bolivia to form a great central high plain about {500 miles long and 
with an average altitude of about 13,000 feet. East of the plateau 
them is a lower plain about eOO miles wido extendiug to tho Para- 
guay river, sloping from 1,000 feet to nearly aero. 

The climate corresponds to the altitude. The wet season is froiii 
December to ALiy, and the montlis from Xovember to January alts 
called summer. 

At La Pnz (13,000 feet) the average annual temperature is 0.4® 
(49.® F), ihc average for June O.T* (44°F.), and for November 
Il.ti* (53® F,). The average annual rainfall is 538 min, (23 inches) 
of which 332 mm. full in the siimmer intmths December to Fobruaty, 

At Cochabamba (8,500 feet) tlic average annual temperature b 
17.3® (6:j® F.), the average for Juno 14® (57* F.), for November 20® 
(68® F.). The rainfall is 462 rma. (18 inches), 208 mm. of which 
come in December and January. 


CITIKS AND RAILROADS OF BOLIVIA 

La Paz, the capital, has n population of 107,000, while Cocha^ 
bamba, Oruro, Potosf, Sucre, and Santa Cruz have a population of 
about 30,000 each. 

The main line of raili-oad goes from La Paz to UjTini in the 
Muth, where it connects with the Chilean Railroad to Antofasgasta 
mm tile portion between Uyiini and La Quiaca, Argentina, is 
mushed there will be tlirongh service from La Paz to Buenos Aires. 
Trams now run to Atocha. The distance between Atocha and La 
Qmaca is about 125 miles, a part of winch is now covered by com* 
pleted railroad, but nut yet available for truffic. From this main 
Jme there is a branch to Cochabamba and another to Postosi. Sucre 
18 the olFicial capital of Bolivia, but the scat of government is in 
La Uz. Sucre js connected with Postod by automobile service 
during the dry season, the time being about 10 hours. La Paz 
18 ^nnected with Mollcndo, Peru, by rail, as previously noted. A 
third hue to tho coast is from La Paz to Arica in northern Cihile. 


PRODUCTS OF BOLIVIA 

Tlie chief products of Bolivia are minerals, of which tin, copper, 
and aihxr take the load, altliough several others are important. 

The agricultural piodncta include those that Have been mentioned 
for Peru, hut none are exported in important amounts 
2080:— a- 24 
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the llama 

Indians r«.h.tlX77.7„n, ’ r*" “ ““■• ‘J- 

Er»»/ul ^rringn gi,. °7pn7‘ T' 

A cajTjer its cfliciencv ?«: •* i ? afJiteJy appearance. As 

than about 75 pounds and it can not iisually be more 

day. For ti.^ n-afions the ^ than 10 or 1 * miJoa 

fairing muJes or burrnsL TIib i™ ^ 

it feeds during Uie Jav no ii f t the night for rest, 

but it depends on the native t-r grain is given, 

witii tie agricuJtural oeonoiny^f the n^ Th^v 

to support as tliev irraTA nativei Ihey cost nothing 

time. They can not nsai for^rf^I!*^ Indian lias plenty of 
they are allowed to trntrl In ri ■ , S’fuid when in use 

Tliev are rarely brouEht dow™i'^ '^‘*1’®^* halters or ropes, 

and Peru the rani^ J- ^ “ central plateaus of Bolivia 
the ll.ro™^ra 3 ‘o 

but rot for bearing burdens 'tv ^ ® “^®d for fleali and wool 

M lilllA thiiig Uke d^r r7n-7’ 

»nim«I is Sling rare „nd h" 

pn^vent da extermination by tlie Indiansf^hrZTt 

botanical results 

Cl? 7 '’ ■» “»“"“1 «n, Of 

bo the basis of an^riT^ T^’T “lado, which will 

sr;c„”c- 

««trkl P.™ “A; Wilk^ «l»di,i««, ,ho cUccKd ii, 

ir?c »•-? 

&C” ‘Tf *™"'‘ Ca>o’ vC^MtnriT 

Ecuador, and .fameson, an Englishman reddent in ?’ , ^ 

many grasses to England. The late PreTLiiu, sent 

ant many plants to Europe and deicribc*d^n,,*®f^'^’ 

Luis Alillc^ of Quito, ^ow has the“^„ 

Father Millo very kindly allowed me to o*nm^\7-^ herbarium, 
which Conuins the typos of species described iy** 
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•Mille is ooDtinoing the work of Sodim iti the study of the Ecua¬ 
dorian flora. 

Our knowled^ of the flora of Peru has been greatly enlai^ by 
the work of Dr. A. Weberhauer, a German botanist long^ resident 
in Peru and now living in Lima, Doctor Weberbauer is known not 
only by the large number of plants he has collected and sent to 
European herbaria biit also by his great work on the distribution 
of plants in the Peruvian Andes (Die Fflanxenwelt der peruanischen 
Anden) i^d his phjtogeographical map of the region (Mapa Fito- 
goographico de los jVndes Peruanos), 

Dr, Otto Buchtien^s work in Bolivia has been mentioned in a 
preceding paragraph. Dr, H. H. Rusby, of Columbia University, 
New York, has colJccted in the montana of northern Bolivia, and 
Mr. Macbride and his assistants are now engaged in botanical oi- 
ploration in Peru for the Field Museum of Chicago. The™ have 
be^ other botanical oiplorars in the three oountriea under consider¬ 
ation, but alto^tlier the flora is less known than most other parts 
of Soatb America^ ^ 
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PLATE I 


^ Huior*. Ecy*Di 5 R. Altitude 4 00o ffj=t 

iK™M™*SH5S£ 



2, A CUOSE View of Bamboo Boards 
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PLAT^ 2 



I, A JNaT(V£ PlQW^ CDHSLSTIHa OF A HeAVT ROFf^tED ^ICK THAT l5 
On AWN Forward THHouaH the Soil. Near Loja. Ecuador 



2 the Main Road Between Outto and Tuixan. Much Brcded from 
Heavy Traffic witH Pack Animals and Never Repaired 













Plate 3 



I. The Heacmu^hters of the ato(3*ico Ranch, Near JuhIn. Peru 
DevoTEo TO Sheep RAtaiNO. On a hiqh Plain. Above Tree Lmuf 
about (3.000 feet Altitude 



2. A Dhove of Llanas Near Cerro de Pasco. Peru. This Is the 

I no IANS, Thev Go in droves, free. Gra^inq 
TS^du^d^' Traveling about tO Miles a Day. Each Carrying about 
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PLATE 4 



\. A PCRTlOh OF INCA RUINS NEAR ClFZCO, ThESE WaLL* OF AN ANCIENT 

FoRTREea Afte IN CiooQ &TATe of^ Preservation. Sone of the ^ohe^ 

Are VEftV LJtRDE, WEiaHINQ MANY TONS 



2, A CLOiEH View Of * Wall showino the PERrecTioN op the Work¬ 
manship. NO MOBTAB WM Useo. VET THE StONCS FiT ACCURATELY 
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PLATE 6 



(. Experi m e n t Station, Ch uoui bahb \ lla* North of J uliaca ^ ALTm de 
V3,DQO Feet, here Is a nearly Level Plateau Over Which 
One rides for Hours Ooihq from Lake Titicaca to Cuxcd 



%. A WOOLLY Cactus iqplphtia floccosa' on the Plateau at Chuchji- 
bawbula. Altitude Abolit is.oqo Feet 
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Plate 6 



Ih sweep Ghaeiwo at l3,DO0 FEET ALTlTUbE. GHUCUISAMQILLA, THE 
BuhCH GftA^ IS ICHU 



a* A PEAMM-rs Hut Built of Sob. the Thatched Rmf (Ichu grass) 
Rofed Down. THene Is a Small Doob. but ho Windows, chu- 

CaUtBAMBELLA 
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Plate 7 



L iNCA RUIPiS AT OLLAHTAYTAMSOr PERU. ThE STOnES ArE ACCURATELY 
Fitted as at Cutco (See Plate 4^ 



± An Old (nca Road, Cuzco, leadshc Up to the FoRTflessfSEE 

Plate 








^in<lhi«nian R«&oxt* S TOi,—Hiioh^& cK 


PLATE 8 



i . Hotel at Ollahtattamho. Llauas ih the Plaza of the Village 



2. VicuiiAp A Shall Animal Allied to the Llama. The Indian Woman 
la Said to BE Over lOO Years Old 
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PL^Te 0 



I. YARETA, MUCH USED FOR FUEL. SIERRA OF PERU, A TUSSOCK PLANT 
^AlORELLA MONAhTHDS) GroWINO NEAR BnOW LiNE 



2 ^ Brush and Rodta used for Fuel above Tree Line Coal and Wood 
Are Expensive. BnusHd Roots, and Yareta Are Used 
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A Coca PLANTATiaH m thc Yunoas. Bolivia. a, A Glacier at 10,000 Feet ow Mount illiw ami 

The BKRoas Ane in Rows in tne Terraced Ditches. 30 miles FRaii La Paz 

Trees of Other sorts are Scattered Over the 
Slope. Qoca leaves Are Chewed with Ashes av 
the iMDiANS AS A STIMULANT 























SmltHionlftfl nspert. 39^4.—HJtCAKKk 


PlAT£ U 



|. A Heavy Cart li&EO pd^ Hauling Ore in SaoTHEfiH Bolivia 



A UhiEKiLN Near Utuhp^ Bolivia. The Lime Rock Is in a Layer 

AT THE SURFACE OF THE GrOUHO; THE FuEL COngiBTS OF FaQOTS OF 
A DESERT SHRUB NEAR By 
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Pl_ATE 12 



i. All Available Material ie utilhed for BuiLDiNas. A Hut at 
Utunj Made in Part from Olo Standard Oil Cans 



2. A Desert VAiCET IN Southern Bolivia. The Riven Beo Is dry 
Most OF THE YEAR, BUT Is Occasionally Sobject to Violent Flo^ 
Oanocboos to Tnaveless Who Use the road over the OrV rJver 







Sm.lth iiMiLin HipSrt, Pl^TE 13 



i. Chimbqrazd, tme HiqHEST Mountain in Ecuaek^Rh Altitude About 

SO.&QQ FEET 



■2r PAftTSALLY WOVEN PANAMA MAT& AT OUEHCA, ECUAPOR. ONE OF THE 
Centers of the hat inpustrv 
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Plate 



Ip A MAftKeT WOMAN AT LA PAZ. BCUViA. THE STIFF WHITE HaT IS 
CHARACTERI«Trc HeHE 



2. Alpams. Animals ALueoTO the ixama. Used CHtEFiv fob the w™. 
rather than for carryino Sursens as Shown 
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PLATE IS 



I. REED 0OAT US^D BY THE iNPI AHS OH LAKE TiTICACA. ThE StEmS OE A 

Native Bullrush Are Tied in Small bunches anp them Fa^enep 
Together to Form the Boat 



S. A Small Valley Near OLLANTAVTAMio, Shov^ino Terraces in 
Backgrpuhd- the trees are eucalyptus 













OKCHID COLLECTING IN CENTRAL A^tlERlCA 


By C. ^TATnJLtt 


twill! 2C^ plates] 

Dv'TRODUCnON 

Ctutrail Americn is n parjsdisa for tlie orchid hunter* According 
to a recent estimute there have been repoi^d froai the whole globe 
I^^jOOO species of these curious and fascinating plants, and nearly 
1,000 have been recorded from a single Central American country^ 
Costa Rica. From the other republics-—^Panuinn, Nicaragua^ Sal- 
vador^ Honduras., and Guatemala—about the S^me number of addi- 
tionnT species have been listed, and J^lejtico i& known to possess at 
least 500 more. 

It has been the writers privilege to spend two recent winters in 
Central America for the purpose of making botanic'al collections, 
and during this period particular attention has bcesi devoted to 
orchids. Although many of the tocalitie^ visited have been found 
deficient iu Chese plants, otliers, and above a!l the mountains of Cosrf^ 
Rica, liave furnished a rich harvest. 

Centra] America was one of the first regions from arhich tropica! 
orchids were introduced into the hothouses of Ruro[>e. Some of the 
more striking Mexican apwies had been described and figured in the 
celebrated Tfte^aurtt* published by Ilerti&udeis in 1G5L tlie first work 
treating of the natural Iiistory of tropical North America, but 
nothing was made known contreming the flora of Central America 
until a much later date. Probably the first botanical collector 
to vUit Central America wa^s Luis N4e, a Frenchman by birth, 
botanist of the celebrated Spanish voyage around the world under 
tlie navigator ^lalaspina during the years 1785? to ITSH. N6[s visited 
Panamfl^ and is knoivn to have collected plants upon Ancon Hilh 
the landmark of the Pncific end of the Canal. Several of the most 
common tropical American plants were first described from speei- 
mcn& obtained by him at this locality^ 

It was not until if ter the first quarter of the nineteenth century 
that any botanical work of importance wa5 carried on In Central 
America, or any progress made toward a knowledge of the orchids. 

^53 
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Gwr^ Vre Skiimer, an EngLi^Lmniri wht) fur nmny yeiirs in 

Guutc^nialu, l><?ginning in 1831^ is said to have intrnduceil into culti¬ 
vation in England nearly 100 species of orrliida, a large number fov 
tbut day^ -when orchid culture in Eumpe was iftill in it^s infancy. 
The famona Danish eoIUn^tor and Ipotanist. Ocfistcd. vfm the first to 
visit Coatii Hica, wlierc he collected $otiie of the most 

beautiful of all our Aiuerkan orchids. An e.vtcnded visit to many 
parts of O'ntral A in erica, including the rich regions nf Oiiateuiala, 
Cmta Tiica, and Venigiias, was hegnn in l&41j by Wai^cwicz* who 
tmveled in HeaiTh of orchitis and huniminghirds^ cert a inly a choice 
oi interests in which he vvas to envied. WArscewdc 55 discovered 
many of the showy Central American representatives of this group. 
Other Iwtnnists who toot an important part in the early exploration 
of Central America were Bert hold Seem an n^ of the Herald expedi- 
tinrit who first made extensive collections in Panama; Tate in Nica¬ 
ragua; Fcndler (famous as tlie first to make a collection of any ini- 
in the State of New Jlexico) in Paimuia: Hoffmann and 
Wcndland In Costa Rica; and Hayes and Wagner in Panama. In 
ad cl it ion, Central America was visited by commet'cial oollccctor^ sent 
from Europe in search of orchids, palms, cacti, and other plants of 
horticulturat vahie, and at times the export of living orchid plants to 
Eurcipi^ by native coUectorH wag it thriving industry. Thug, nmny 
dozens of persons whase iiJunes have not In^en preserved aided in ac- 
caniuluting our present knowledge of the orchid fioi'a. 

It is during the past thirty yearaj however* that the most iin- 
portaut botanical ivork hits Ijeen carried on in Central America. In 
Costa Rica large collections of orchids have been made by Tonduz, 
Pittier, Wcrckle, Brenes, Jimenez:, tbe Brade brotlicrs, and olhers. 
The oixhid flora of Panama has been well exploit by Powell, and m 
Guatemala extensive eonectiong luive l>cen made by von Tiiorck- 
heim, especially in Verapaz. ^veral col locators fi-om the United 
States visited Central Arnerica, and have ueciiniulatcd large 

quantities of plants, although few hiivc devoted special attenlion trii 
orchids. During the past fifteen years hundreds of new species of 
Ceninil American orchi<ls have l>een describeil, nuKtly from Pana¬ 
ma, Costa Rica, and (kiatenmla. Tlie.se three Republics and Sal¬ 
vador are thoi^e whose floras are best known. Of Honduras and Nic¬ 
aragua, indb of wliich doubtless will furnkli a large number of or¬ 
chid species, we still know^ very little, foi- ^^nt exploration has Ijcen 
(xmdiicted theic^ owing largely to diflicidtic.s of transport a tioiu 
In view of the great aiiiount of lK>Um]ca1 exploration that has lieen 
carried on in CentI Amerira it might Iw questioned whether it is 
necessary to make further TiaitH to a region o-f such comparative!v 
small area. There is no doubt, however, that our knowlctlge of the 
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C-ciitral American flora is still veri’ imperfect, and that many years 
more of intenstve explujiilion are necessary. At present it is pos- 
sible to obtain new plants even in the localities tiiost often visited, 
and it fretfitcntly results that conspicuous and imiwilant plants, well 
kni>wn lucully, nre unknown to science. In the case of orchids, 
because of their peculiar distribution and iiiwle of growth, the mted 
for additional exploration is greater than in the case of most other 
groups of plants, and it is certain that the number of oivhida known 
to exist ill Central America will ba greatly increased, jierhups even 
doubled, in future years. 


one HIDS OF XOilTUEIlX CESTBAL AMKIlIL'A 

The portion of Central America with which the writer b most 
familiar, aside from the Canal Zone, is the Republic of Salvador, 
where five months were spent in 1021^3. Salvador unfortunatelv 
has few orcIuiLs, and only about aO species are known there, most of 
these having liecn collected by Dr. Salvador Calderon and the writer. 
Salvador undoubtedly has a siimller orchid flora than any other 
Central Ajiierican country, because its climate is comparatively dry 
and the countiy lies wholly upon the Pacific slope, the Atlantic dope 
being richer Ln these plants. Future exploration in small arcas of 
forest remaining upon the higher volcanoes will doubtless i^veal a 
good many ttdditions to the list now known. 

Of the Salvadorean orchids tiie handsomest is CaUi^ya nkiniieri, 
iruiely di$tribut@il in Central America, a showy species {pi 20) 
known here as San Stbmtian. During the diw season, ^vhen tlie’ 
trees upon which they grow are nearly or i,,iito devoid of leaves 
he huge plants covered with flowers are conspicuous masses of color 
Bunches of the flowerc are brought frequently to the markets for 
sale, home line plants of anutlier striking orchid. Epide»dr,.m 
notable for its clusters of orcnge blossoms, were seen 
in the mountains about Alniachaj>du. In tile same mountain ran-nj 

vanilla grows in some aimmlance, and doubtless occurs in other 
regioDis U8 welJ. 

In late spring of several weeks were spent utmn Urn north 
coast of (Guatemala, near the famous ilaya city of Quirigua, This 

fen Jmmlred f«t above sea level. liecausc of this slight elevation 

still fewer were m - 

^poeially in deep swam|«, which are filled with gCt trees and 
angled thickets of native bamboo, tliere were found a few orchids 
worth collecting, certainly umi^ than it would be possible to find 
in any single locality m Salvador, 
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NcAt to Costn Rico. Guiit^mola is the Centml American country 
which has yielded mmt orchids^ about 340 species bein^ reported. 
Of all tlio Cent nil Americun States, Giiatemula has the greatest 
dirarely of topography^ elevation, and climate, and consequently 
the most varied flora, zdihough the nctoal number of species inny not 
be so high as in Costa Rica. For orchids^ tlie most prodiictivo pQv~ 
tions are the humid valleys of the departnients of Alta and Rajn 
VerapaK. Many of the jnountam ranges have a teniperate climate, 
tcHj cold for the best development of these plants, and there are 
many miles of pine forest, where few orchids may be e^cpectod. Tliere 
ai^ also wide cactus deserts, closely resembling those of northern 
Mexico, where very few orchids grow, 

Gnatemala counts among its orchid species many that are noted 
for their beauty. Most remarkable is a Catthya {€* aifraniiam) 
with orangc-rcd flowerB, which gniws upon rocks and bald-cypress 
trees {7*a^odiu7n^ mucroniitum) at high altitudes. 

Of the orchids of Honduras and Nicaragua, os already stated, 
little IS knowiL From Nicaragua 65 species have been reported, nml 
from Honduras about the same number. Both countries have moun' 
tain ranges and humid forests:, in which many orchids must await the 
discoverer* The i^:aTit information available concerning the Nkam- 
gunn flom re voids so many plants of es^ceptionul interest, that it is 
certain tho country will later jucld many other things equally 
remarkable. Tlic most inviting and tantujtssing view, botnnfcally, 
that I have ever seen in Central America is that ohltiitied in Salvador 
of the blue mountain wall that lies to the north along the Honduran 
frontier, near at hand yet almost inaccessible. Nothing is known of 
its flora, but it must harbor a host of strange plonts. Along the 
Atlantic coast of Honduras a large collection of orchids was made 
recently by Mr. Oakes Ames, but no account of it has yet been pub¬ 
lished. 

ORCHID COLLECTING IN PANAMA 

In I’anama tho writer is acquainted only with tho Canal Zone and 
its immediate vicinity, a region typical of the lowland or ti^rra 
calienl^ of both the Atlantic and Pacific coast^fl of Central America. 
Altliough only -40 miles in breadth, the Isthmus at ib? narmwest 
point exhibits an unexpected diversity of phyBical and floral char¬ 
acters, because there la a strongly marked dilTerencc between the 
climates of the two It is thus possible to study in the closest 

proximity areas of vegetation typical of the humid Atlantic coast 
and of the comparatively arid Pacilic littoral, the hitter with its 
well-define<i wet and dry seasons. 

In the Canal Zone the highest hills have un elevation of about 
600 feet. Towaivl both the west and east in the Itepublic the hills 
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rise rapidly until high mountains are soon rcarhed, but unfortu¬ 
nately none of tltese are easily accessible from the Zone. Near the 
Canal most of the land has been deforested and the original vegeta¬ 
tion greatly modilied, but even within the Zone there remain some 
areas of nearly or quite virgin forest., within which it is possible to 
study the primeval vegetation. In the dense and humid forests^ 
composed of lofty trees with hut scant undergrowth, careful search 
will disclose a fair number of orchids. 

After the Canal had bcco completed and water was turned into 
the Gatun Lake Basin, as the water rose large stretches of forest 
were inundated and the trees soon died. Great expanses of the lake 
w'aters are still covered with protruding dead tree tops, tvhich give 
a decidedly dreary and unattractive aspect to the landscape. After 
Ute trees died the epiphytic plants continued to grow, and were 
much more conspicuous than before. Among the dead branches 
there was an abundance of ordtids, and it was ea^ to ooilect them 
from a boat. Practically all the orchid plants havo now been re¬ 
moved, howerer, and little of interest is to be found in these areas. 

The lowland forests of the Canal Zone are typical of many other 
regions throughout Central America. Such forests are not the 
most favorable localities in wltich to search for orchids, since these 
plants attain their beat development at much higher altitudes. On 
the Atlantic dope the lack of elevation is someivhat oompenaated 
for by the excessive moisture, a plentiful supply of water being one 
of the chief requirements for hi.vnriant orchid growth. 

When during early construction days Americans began to arrive 
in the Canal Zone, tha great majority of them unfamiliar with trop¬ 
ical conditions, even the least interested could scarcely foil to take 
notice of the more ccAispicuous plants, which were quite unlike any., 
thmg known to one reared in the temperate rone. Orchids, being as 
universally assixsiatcd with conventional conceptioos of tropical 
regions as parrots and monkeys, naturally drew their share of atten¬ 
tion, and many temporary residents in the Zone made small collec¬ 
tions of them. Without helpful literature upon the subject, and 
without any person able to furnish information oonceming the 
plants, it was impossible to do more than assemble these amateur 
collections in the most haphazard way, and little or nothing was 
added to tho recorded sc lent lire information regarding the orcliiil 
flora of Panama. When their owners returned to the States, the col¬ 
lections were usually left behind and the plants died for lack of cure. 
The most notable of these local collections of construction da vs were 
those assembled by Mrs. D. D. Gaillard and Mrs. II. H. Rousseau, 
both of which were of considerable size and included many interest¬ 
ing plants. When Jfr. ITcnry Pittier visited the Canal Zone in 
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1910—11 hi! obtained from thctsa two cx)IlMtiotis specimens wiiieli were 
found to represent species previousLy unknown to science. 

At tiie present time, puiteinff along the streets of the Canal Zone 
(owns, one nutk-es upon porches or hanging in baskets from near-by 
trees many orchid plants that are kept for their oddity or their hund- 
some llowenf. They belong to a small number of w'cll-known sjteuies, 
the hotanicially more interesting but inwnspicuous plants Ijoing nat¬ 
urally without interest for the amateur. It may be noted here that 
in horticultural circles in England and elsewhere a more or less 
sharp lini! is drawn between " orchids”— that is, those with sliowr or 
odd flowers, worthy of cultivation—and “botanical orchids,” which 
me of interesl only to the teidinical botanist. 

To Warscewicz we owe the greater part of the earlier data re¬ 
garding Panama orchirls. Me devoted a good deal of ttnie to the eN- 
[)Iorntion of Chiriqui, (he region richest in titese ]>lunts, and probably 
the most interesting part of Panama for the botanist, Jn tho Canal 
Zone plants have Ijeen gathercvl by many collectors. Scemann, in 
1852, published the first list of Panama orchids, enumerating 104 
species. During the progress of the Smithsonian Biolojpcal Survey 
of tho Canal Zone in 1010- ! I, a large collection of the group was ob¬ 
tained by Pilticr anti Ma.Yon, not only near the Canal hut in Ohiriqui 
and in other parts of Panama not visited previously by collectors. 

Tils I'OW'ELI. ORCUID fJARDEN IN PANAMA. 

Tho major part of our knowledge of (he orchids of the Itepublic 
of Panama is due to the interest of one mnn, the result of whose 
labor is a striking iliuistration of what may be accomplished by one 
who has a hobby and folln ws It intelUgptilly. Mr. C. W. Powell has 
lived in the Canal Zone since earliest con-stmetion days, A man of 
e.vceptio]ial breadth of interests, he has always taken a k«n mterest 
ill general matters relating to natural history, and even jii the earli¬ 
est days he took more than casual notice of the orchids seen in trips 
through the jungles. From time to time he formetl small collections 
of living plants, !®nie of which he presented to friends, while oiIigis 
were lost by nceident. He often laments the fart that he was not 
then interested in technical classification of the plants, since in the 
early days, Ijefore the forests had Wn scoured by other collators 
and before the virgin fon?st had been cut, there were doubtless 
iiiany species that are now extinct and will never fie known to 
science. 

About 10 years ago Mr, Powell Iwcame seriously interested in 
orchids, and determined to assemble a complete collection of Panama 
species. Unfamiliar with the literature and without ndationa with 
specialists u[>on the group, lus work was attended by difficulties, but 
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iie Ih'injx plants in his ^rd«n and formed ii good library 

nf publkuttions U]m>ii ttrohiils. l^titdy of thia literati ire itidicated 
that he bail uiony plants not described in current works. Finally 
correspondence was established with tlic English orcUidnlogist. 
liolfe, and there was prepurod for his study a series of hcrburiiiiii 
specimens of the plants as Lbey blcmuiedl but Rolfe died soon nftnr- 
w'ard. wilhnut having hud an opportunity to study the mllection. 
Still later another herbarium collection wa.*? prepared, and entrusted 
for determination to the well-known orchldologist. Sclilt«:bter, of 
DerJin, who published in a pamphlet of 95 pages enutnernting 
the Powcdl orchids.*wliich eunstslcd of 184 species, no less than 75 
of wliich were descrilied as new to science. 

In more recent years Mr. i’uwell 1ms forwarded his trollection for 
iilentiiicatlon to Mr. Oiikea Ames, the most eminent American 
authority upon this dillicult group, and the number of species has 
increased, until now it arnmmta to H-U. There can scarcely be for 
any tropical country a mnird of one person who has contribiiterl so 
much to the knowledge of the Orchid Hora, or who has asi^'ndilcd so 
complete u repi-esentutiim of the group. 


The cpiality of the herbarium speciiueiiH prepared by ^^r. Powell 
deserves more than piuising mention. Yeats of experienoe, through 
which the liest tnetbnds Jmve Iwen discovered, combined with at¬ 
tention trt details surii as other collectors rarely attain, have enabled 
liini to make specimens which lire unsurpass^. The color of the 
flowers IS kept perfectly in most cases, and the whole plant pre¬ 
serves ita natural aspect. Such result are the more remarkable 
with a group m which it is extremely diiricult to make 



Kunlight is obtained. 
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There are now growing in the garden over 7,000 ordiid plants, 
representing about 400 species. Aniong these arc many thut have 
never flawet^, and wil!, when they blossom, furnish other species 
records for Panama. Jfearly ail the plants are from Panama, the 
only exceptions being some fiora other parts of tropical Americii 
and a few from the Old World, which are grown for their handsome 
fiowLTg. The garden is a show place in Balboa, visited by many 
tourists. Host orchids bloom for only a short period, but there 
are always ^me in flower at any season of the year. Here in 
Panama, as in all tropical regions, the great majority of orchids, 
contrary to iJldiiformed popular belief, are plants with incon¬ 
spicuous dowers, without interest to the casual observer. It is true 
that most of these small flowers, even tlie tiniest, are strikingly hand¬ 
some Aviicn viewed under n lens. "Visitors about to inspect an orchid 
ganlcn gamerally anticipate lavish displays of brilliant color, and 
are sometimes disappointed when faced with actualities, since even 
in so large an assemblage of orchid plants, and at the most favor¬ 
able season, the percentage of plants with showy flowers is surpris¬ 
ingly small, hor this reason it is desirable to cultivate some exotic 
plants which can be depended ujwn lo lumislr quantities of showy 
flowers, and thus satisfy those visitors who are int4Tei:'ted more in 
the superficial aspects of tlm collection tlian in its true seientilie value. 

In order to accommodate the large variety of orchids occurring 
naturally in Panama it is necessary to supply varied conditions for 
their groivth. Trojiical orchids are divided into two classes, terres¬ 
trial and epiplivtic. The former grew in the ground, and in tU 
Tropics these are far less numerous than the epiphytic species. Of 
terrestrial orehids there are two classes—those with green leaves and 
stems, which behave like most other plants, and those which are 
Kapropliytic, Living wholly upon decaying plant mutter. Saprophy¬ 
tic orchids, which are not numerous anywhere, are easily recognised 
by their lack of green coloration. 

By far the greater number of tropical orchida are epiphytic 
growing upon trunks or limbs of trees, and deriving nutriment 
chiefly frem decaying organic oiiitcrlal that lodges al>oitt their 
reots. They are often spoken of as parasites, but no orehids are 
parasites, »ur only common repreaentutives of that groun Wncr ti, 
mistletoes. Kpiphytic orchids are sometimes apparentIv ternsfrinr 
growing upon the ground in Iwda of mosses and other plants ' 

In temperate regions all orchids are terrestrial. In tim fr-u t 
States epiphytic Sf^eclcs ore found only in Florida excenr f ^ 
few that extend further west ehiSe to the Gulf coast* n 1 T * 
ji rather large number of epiphytic spocies hulnr. ' 

,b« j" 

record here that in nn orehid list publishrtl recently by Amea, about 
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150 sp^ifs of oncliids are reported for tho United SUites and Can¬ 
ada. Contrary to popular belief, orchiefe of temijetate regions prob- 
ablj*^ average c|uite as sbo^vy as tboeo of tbe tropics. Few of the 
1 litter are more attractive than some of our northom species of 
C^pri^dinm or lady Vslipper. 

It must not be assumed that all epiphytic plants are orebids, as Is 
sometimes carelessly done by residents in the Tropics^ just as iti cac¬ 
tus regions nil plants with spines are likely to be known popularly 
as cactuses. In warm countries a great number of plants of many 
widely separated groups assume the epiphytic bttbit. In tropical 
America tbo roost note worthy of these, and those most frequently 
referred to erroneously as orchids, are bromclinds^ or plants of tlia 
pineapple family, many of which have exceptionally showy [lowers^ 
quite aa ornamental as most orchids. 

In the Powell garden most of the plants, natmmllyj are epiphytes. 
Tliese are grown in baskets filled with sphagnum or upon blocks of 
wood^ suspended from overhead. There is also at one end of the 
g.^rd6n a large mango tree upon which a great variety of species 
have taken root^ nHording a picture of natural conditions, in the 
more sunny jMirtion beds are provided for the terrestrial species, 
which are represented in large numbers. Many epiphytic species, 
too, prefer a good deal of sunshine,, especially the larger^ coarser 
plants. For very ssmall and delicate plants w'hich come originally 
from w^et forests deep shade must be provided. Ciimatic conditions 
"r® in the Canal Zone for orchid cultivation, at least for 

those species which occur naturally' at low elevatioos. During the 
summer or rainy season there is a plentiful supply of moisture, too 
much at tmie& During the winter months, which constitute the 
dry season, it is necessary to winter the plants daily. Even at sc low 
an altitude, sea levcl^ it lias l^een found practicable to grew most of 
the montane species brought from the forests of Chirjqtif, provided 
good care is taken of them. There are, of course, insect enemies to 
he fought cockroftctiea, wtdeh oat the tender flower buds, and other 
similar jjcsts that visit the garden, especially at night, and some¬ 
times ruin the blossoms of the most cherished plants whose flowers 
have been awaited for years. Birds sometimes cause equal harm. 

Almost ail the orchids known in occur in the whole Be public of 
Panama may be EMn and studied in this garden under the most 
favorable conditions. For the post ten yea re Mr. Powell,, very often 
in company with Mr. A. A- Hunter, has conducted systematic es- 
ploration in many parts of the countryj visiting distant localities, 
especiaUy the high mountains of Chiriqui, Sometimes the plants are 
full flower in tho Jield, but mor^ often they are not The 
living plants are then brought to the garden, where they are care- 
fuHy tended until they flower, when specimens can be made for study 
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by specialists. It is only the coiitiniicd cultivation of Lho plants 
in the ^tclen that has tnniie it poiisible to estnblisli such u rwiortl 
OH to the number of Panntna sjMJcics. 

Aside from the material pithenid upon these espeditions. one or 
uionc native collectors have been employed for much of the time. 
One of these men, u IVest Imlian, himself has become almost an 
e7E]>erl ujKin tlie native orcliids, having made many journeys into 
the jungle after them and having cared for them in the garden. 

Collectinp orchids in Panama is not the easy tnsk that it is in 
C-osta Hica. where conditions are more favorable in every respect. 
EjXcept in the immcfliate vicinity of tlie Canal, transportation is 
difficult. Even here it is usually uccessary for the collector to mub« 
his way o^er trails that an.* ncgotJnble only on foot, or more fre* 
(juentlj through regiomi where there are no trails at all, and it \s 
no eai^ matter to force one s way tliroupii a lowland tropical jungle. 
Moreover, in the present lowland foresis orchids are not plentiful 
as to either individuals or apecies. It may be that extended collec- 
tion lias made them scarcer a bn it the Zone, but it seems doubtful 
that, with^ the exception of such Kijecially favorable lorolities oh the 
original Oatun basin, the plants ever were iiiiioh more plentiful tlmn 
now. One can travel a long tiinf. through the forests along the 
Canal without seeing any orchids at all, and when some are found 
they are likely to be flurched high on the branches of some giant 
tree, whence they can be obtained only by felling the tree, which 
often reqiiirea the services of a couple of men for a whole day 
or more. Eien when the tree is felled, the orchids so lalmriout-fv 
obtained may prove worthI cbs. The smaller and more interesting 
plants can not !« seen from the ground, for they grow mostly upon 
the upfwr side of tiie branches and are hidden among other vegeta- 
tinn. Even wiien a tn‘e iwn be climbed, usually it is so Infested With 
biting ants or otber insects that only bj' fiiibmilting to torture, if 
even then, is it jKtssible to remain aloft long enough to sociire speci- 
Jnens. In f^osta Kira one can collect in a single afternoon more 
orchids than in a whole month in the lowlaiids of Panama. 

t'osiajoN OEituiios ot' i'anaua 

The Panama orchid flora Includes a host of showy and interesting 
species. It is curious thut one Old World species to have be¬ 

come naturali:«cd. Smne years ago Mr. Powell purchased u plant 
now to him, from u collector who claimed to have found it in a 
swamp in tlie Zone. Upon dowering it was determined ns Phaiu^ 
tancarvUfta*.', a Chinese siwcics. The some plant has la-come thor¬ 
oughly naturalijiftl in Jamairo. It is Bometimes cultivatod for 
ornament, and proiiabty had escaped from previous ciiltivalLon in 
Pflimmu hh ]ji Janiaic&. 
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itost L-eli.’bratiJcl among Panama orchids is doubtl<!ss the KupiritM 
Sitntii, Holy Ghost or dove orchid {Ptritttei^i elatH], (hut often 
figiires upon local illustrated pttst cards. This plant, which octiiinj 
also in Costti Kica, is terrestrial and inhabits the lowland forest#. 
It has been collecteil so much as novr to be rather rare iilajut the 
ilone. 1? rom u cluster of green blill}s rise a few narrow leaves, and 
a Iknvcr ^stalk 3 or 4 feet high which bears a raiHHiie of fragrant 
hite (lowers about 2 inches Irroad. The organs in tiio center 
of the flower shuw a striking re.sembtnnce to a miniature dove with 
spread tail and outstretched wings, the head and bill also being 
ixjrfeetly reproduced. It may be imagined in what veneration and 
esteem such a flower is held by (he nativu people. 

In Cattleyas Panama is not fortiinatc, for onlv one hiu; been col¬ 
lected, Cam^d (tecieri (pi. 3. tig. 1), a species related to C\ 
dhscuBH^ elsewhere, and apparently rare. Mr. Powell, however, has 
in cultivation some handsome exotic Cattleyas, |>articularly tine 
plants of Cfittleya trianaei, a Colombian species, and one of tiiose 
most ftftjuently seen in cultivation in the United States, 

A fweuliarly characteriEtic Panama plant is firasmvoln n&doaa 
(pi. 4), which is found nevertheless in many other parts of Central 
Amerma, northern Semth Anici ica, and even in .Jatiiaica. It grows 
upon U)th trees and rocks. The curious thick, stiff leaves are noarlv 
raund, but are cliannelcd along the upper side. The delightfullV 
fragrant flowere, 2 to 3 inches long, have greenish sepals aud petals 
and a pure white lip. This is common in the lowlands of Panama, 
and ia one of the few' orchids that b plentiful on Taboga Island. 
A laudable but unsnccets^ful campaign was once conducted with the 
purpose of ei(tai)lisliing it a# liie national flower of Panama, 

Among tlie most sliowy of the local orchids are the siwcies of 
Oncidium, commonly known as butterfly orchids, a fitting name, 
Muce the numerous widespread blossoms, golden yellow and often 
mottled with brown and red, suggest a cloud of butterflies hovering 
over the plant. The one here illustrated (pi. 5), Oiicidtum potcvim. 
IS ^own only from Panama, and is one of the host of Panama 
orchids that a]>propriutcly bear the name of Hie man who lias done 
niost toward making them known. The Oncidiiims institute one 
of the larp-st orchid groups, about *30 s|jtcies having been described, 
all American. Tliey are fre*luently cultivated in the north and are 
excellent as cut llowerfs. In I'anama there are numerous stweies 
^urrmg at all elevations. They are abundant locally about the 
Zone, and someone told me of having seen a year or two ago a swamp 
near the Atlantic coast where the plants in fuU blossom abounded 
to such an extent that their gxdden color dominated the landscape 
In certain S[>ecies of Oncidium the flower sprays in age reach a 
of 10 to feet. 
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^mcwliat suggestive of the Brassnvolas is longis^ima 

(pi 6, fig, 1}, unothei- loTrlancl species. The (lowers are greenish 
with a yellowish tinge, the lip dotted with purple. TJie plant is 
curious beauise of the unusual elongation of the sepals, thesse often 
attaining a length of T to 8 iaclies. 

CAt>7,drarrhy^ka lipsc^bme (pi. 36, fig, 1) is an attractive plant, 
siiggefftm^ thfi rrichopiling that arc so common in Costa Rica^ It h 
a species known only from Gatuu I,ake. The flowers are white, with 
a lavender band around tlio edge of the lip. ' 

^ Plates 7, 8, and 0 show several Panama species of Epidendrum, 
This is the largest genus of American orchids, and is confined to the 
Western Hemisphere. About 750 species have been described, some 
of them ranging as far north as Florida. There are many species in 
Panama, and they exhibit gre,ut diversity in the form and coJor of 
their flowers, A'pidejidmm atrdpurpareum (pi, 7, fig. l) ia a coarse 
plant with ratlier few but large and shoivy floivero, the sepals and 
petals being dark purplish and the lip white, with purplish lines in 
the center. It ia plentiful on the dry Pacific slope of Costa KIca, and 
bl^ms during the dry season. I*havo seen handsome color vari¬ 
eties of it also in Salvador. 

Several species of Iformodea are found in Panama. Tlie Ones 
illustrated (pi. 10, pi. ll, fig. 1) have brown Hqwere of thick texture 
and striking appearance, remarkable more for their oddity than their 
beauty. These plants are noteworthy for the fact that they shed 
their leaves during the dry reason, at which time the flowers re 
produced. 

The same habit prevaiia in a related genus, Cataretum (pi. 11, fi«. 
2, pi. 13). The species illustrated is a rather attractive plant, with 
greenish white, fregrant flowers. In this group there are two lands 
of flowers, Htaminalfi and pistillate (sometimes termed mala and 
female), of quite different appearonee. In Cycnoches (pis. 13, 14), 
too, flowers of two rexea, unlike in aptieurance, are produced- The 
sepals commonly are green or greenish, and the lip white. These 
plants, like those of related genera, are frequently or usually devoid 
at timt? of ftowcririfr^ 

In the case of many of there orchids that have larse hufl™ 


it I mu lu grvw lujvuniuiuy. 
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A simitar case of sjmbtasis occurs in tbe casts of the species of 
Coryanthes (pL % 2) j ’which nre somelimes called bucket orchidsj 
because of the curious form of their flowers. The species fi^jurcd^ 
which oil the hills back of Panama City, has clear yellow 

flowers, which ci^hibit m^sX remarkable modifications dorinj^ the 
process of ferLili^atioii^ Tn Coryanthes the hii^ masses of routs 
arc inhabited by mniimemhle ^all ants that are anionthe fiercest 
of tfkOBc found in Panama, So disagreeable is the process of collec¬ 
tion dittt it is almost impot^ihlc to obtain the plants, it being stated 
that the only practical method is to pull the masses from the tree 
with a rope, then drag them by the rope to a stream, Tvhero they may 
be immersed until the ants have departed. Many siimlar casca of 
symbiosis between ants and orchids exist in Central America. The 
E?ame conditions occur also in flutuerous other groups of unrelated 
tropical plants, some of ’which ha%'e speciai organs for the occom- 
modation of their inhabitanla^ 

Among the vines that cover the troUises in the Powell garden are 
various plants of Vanilla, of whidl tlicre are two common si^ccies 
in Panama^ 1"- pliimfoJm (pis. IG, 17) with narrow leaves lUtd F. 
pemponor ’with wide leai^cs. There are several other species of 
Vanillii in Central America* All are vines which climb higli iii the 
trees by means of aerial rootlets, but aLso root in the ground- The 
plants arc Usually plentiful in the lowland forests* and are foufid 
almost everywhere about the Canal Zone. 

v anilla is the only orchid with any important economic appli- 
tion. Although so common wild in Central America, it Is not 
grown upon a oommcrcial scale, unless it be in Guatemala, but it is 
often planted in gardens as a curiosity. The commercial article is 
obtained chiefly from Mexico, Tahiti, and the East Indiosj hut some 
of the vanilla upon the market m an artificial synthetic preparation. 
The flowers of Vanilla are rather showy. The natural commercial 
sub^anoo is obtained from the seed pods, When these are dried the 
vanillin, the aromatic principle, crystallisses on the outside of the Pod. 
One of the most remarkable of Panairia orchids is *^^I^nipcdtum 
discovered in the mountains man}* years ago by Ducha$s 5 aing^ 
w‘ho reported that the seed pods yielded a flavoring substance 
similar to vanilla. It was only a few years ago that this s[>ecics 
was rediscoveref], by Mr. EUlsworth P* Killip„ upon Ancon Hilh 
where, however. It is no longer to be foimi]. The plant reaches a 
height of 15 feet, and is said by Ames to be the tallest orchid known. 
The flowers are not very cMnspicuous, but somewhat resetnbiq those 
of the ladyVslipper of the United States. 

Among the finest of the orchids cultivated by Mr. Powdl are sev¬ 
eral species of Sobrnlia (pi. 2, fig. 3). They are terrestrial plants, 
iisuflUy forming clumps containing numerous stems. The large 
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ilow€irs are mostly rose or purple^ but in some spociea whitOj and all 
are very showy* Some of the s]^ocica Howgr alniust throughout the 
year, but the habit of flowering ia peculiar. All over a large dump 
of planta the flowers open, one on each stalk, on a certain mon'ilng. 
They reuiiiin open for only a few hours^ then closot and fall from 
the plant imlcsa they have been fertilised. After several days there 
is another crop of bLossams^ Smt meanwhile not a singLe flower will 
have been seen upon the colony. 

Worthy of iiiention tiecause of their oddity are the species of 
Omithoceplialus, which are not unrommon in both Panama and 
Costa liic^a (pL 18The flowers are niLnutei greenish j^ellow^ and 
in form bear some resembLance to a bird^s Liead, lieiico the gi^neric 
name. The plant is fan-sliaped^ tlie leaves lacing flat and alL in ofic 
pbne^ resembling in this resjject iris leaves- This fnn-alitt[>iid ar¬ 
rangement of leaves is found in variniia other Panama orchids^ nota¬ 
bly in a diminutive Oitcidiiim that is abundiiiit upon cacao braneln^ 
at Los Caseadas Plantation. In this the leaves are often not more 
than half an incli in lengthy Avhile the flowerst which tliere Is 
sometimes only are freffUently much larger than tlie plant 
proper^ Tlii^^ is unuauai aniong orchids, since ordinarily small plants 
liave the b>maLlest flowers 

To list all the orchids of Panama or only the more important ones 
would far exceed tile limits of this paper, and would serve no Useful 
purpose, since it would merely fumieh a list of uninteresting l^tatin 
nuincs. In fact, very fevv orchids have distinctive English names, 
and even among gardeners it is the custom to refer to the plants 
by dieir generic mimes, wdiidi after all is the only means by which 
accuracy in plant names may be attained, Photogmpiis give 
little idea of the iiiodificatioua exhibited by the flowcna, but ex^uni- 
natitm of the plants thoinselvea w-Linn in flow^er is a different matter, 
for tiicn almost anyone is interested in observing the unbelievable 
variety pre^mted, a variution in form and eoluration not equaled in 
any other fuuiily of planU* 

In spite of the great tlivorsity exliihitcd by orchid flow^ers, it must 
be stated tliat this resulUs only from the moilification of organs which 
are amiition to other groups of plants. Tlie flower consists of three 
sepals and thi’ee [>etabf, one of the Utter being normally very dif- 
ferent from the other two and called the lip or lalHiUunu The three 
atamens, of which one or two are aUirtive, are united with the pistil 
to form a column, which also U often specially modified. 

fOLLRf.rrixVii is i.'o.^ta uica 

Really to sec orcliida one miust go to CosU Rica, wdiero they 
almost hll the rule of vreeds+ After becoming familiar with the 
profusion of orchids, as to both individuaU and species, that exists 
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here in I(k:ii1Ui<?s easily accessible, it seems a a'uste of time to ^o 
elsewhere when lookLd|» for oir'Kide. Costa Rica ]>ossosscs many 
attractive features that make botanical work a^'eable, and the 
e\[>cndltui'e of but little labor yields rich results. The eiiiititrv 
ia easy of aecess and transportation facilities are comparatively 
adequate, u I though not so irotKl as in Salvador; the clinute in 


genend is delightful, in manr regions temprmte rutber than troju- 
cal; and the people, as the writer can testify from personal ex¬ 
perience, pleasant and hospitable to the highest degree. It is a 
remarkable testimonial to the physical features, government, people, 
and social conditions of Cfista Rica, that whenever an inhabitant 
of any other Central American state is asked what is the liest part 
of Central America, the answer is almost always if not itmversallv 
Costa Riea. even in the case of people who Imvc never seen the 
counter. Such is the reputation which Costa Ri™ enpvs among 
its neighhors who, after all, are the most competent judges, 

Chsta Iliea has approximately the area of the State of West 
'V irginia, and like that State ht preeminently mountainoua. To 
[>ro' e the botanical richness of Costa Hica, it is necessary on tv to 
state that its known flora includes about 6,000 species of flowering 
plants and ferns. This number will he greatly increased, for in 
spite of the va-st amount of collecting that has been done, over a 
long period of years, there are whole mountain ranges of whose 
vegetation practically nothing has Iwen ascertained. Wlien it is 
remembeml that in I he United States and Canada there are only 
about 10,000 species of plants, and that the United States has 1:10 
times the area of Costa Rica, some idea of the richness of the 
t^osta Rkan flora may be formed. 

Tliere is probably no other part of all North America of a.ual 
extent that ean approach Cnsta Kica in wealth of species, and there 
IS certainly no other region of the continent where so monv orchids 
grow Scarcely any orchids have been collected thus fir in the 
t orditlera of Talamanca, the most extensive mountain chain and the 
one mntaming the loftiest peaks. This area is difficult of access 
and has hardly been tohehed by the botanist, althongh it is likely 
to prove the most Femunerattve part of the Reimblic. 

The writer's experiences with orchids in Costa Ri™ were confined 
to a few localities Unit it was ihiasihle to visit in t^vo monthsL Tliese 
iiwlmlcd typical regions of the Atlantic’ coastal plain, about lui 
C lombmna and Cfuipilcsi numerous localities in the northern 
tonliHrra ami in the highlands about San Jose, the capital; and a 
single visit to the comparatively dry Pacific const. At all these 
pla^ orchids were found in greater or less profusion. Some were 
n flower but many more had neither flowers nor seed pods Al¬ 
though the visit was made during the dry winter months, it seems 
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Linlikuly lUat at any otlior of year it would be possible to find 
a Ijjreater pro^jortion of the plants in blossom. At any season some 
orcluds are in bLoom^ but each species probably lia.^ a more or less 
well defined llowerin^ period, and in order to obtain the complete 
orchid flora of a loeality it would bo necessary to visit ifc every montli 
in the year. Some remain in Sower only a few days, while witli 
others the blooniinp: period is greatly prolonged. 

PACIFIC sLorn 

So little time was spent Upon the Pacific eoai^t, near Orotina, that 
it is impossible to make any generalizations of value. It may l>e 
stated definitely, however, that tJie whole flora here is far less varied 
than elsewhere in Costa Eira, and that in a day^s collecting one can 
And only a fraction of the number of plants to be obtainecl ixi oOier 
parts of Costa liica in the $ame length of time. MortHivcr, the 
plants are less interesting and consist chiefly of species having a 
wide dbftributiun in tropical Aniericap J^rost of the land is now un¬ 
forested. Where foresU; do occur they are moderately dense and 
consist of a limited number of species, many of which lose their 
leaves in the dry season. In the heavier forest tlie undergrowlli U 
little varied and lacks many of the etmapiciious plants of the Atlantic 
coast. Ferns are very few, and the species mostly uninlercsting. 
These conditions must be understood aa prevaQLng only at lower 
altitudes, on the hills and in the plains near the coast. U|Km the 
mountains of the Pacific coastal region conditions are mote favor¬ 
able. 

About Orotina orchids were ratlier plentiful as to individuals, 
but ap[>eared to represent only a few species. Not many were in 
ffower during the dry season. Most conspicuous was Epid^drum 
uirQpuT^r&um (pL 7, fig. 1). In the forests the orchids arc confined 
mostly to the upper branches of the trees, where it is dlflictiU or 
impo^ble to collect them. On some of the small treca s^toittered 
about the fields and pastures tlie case is different. It is a well 
attested fact that certain species of trees are preferi'ed by orchids, 
and that there are others upon which they never grow. The favorito 
tree of all is probably the calabash (Cre^esntui cujeU)^ which b 
^Idom without its quota of orchid epiphytes and often is almost 
fompletnly covered with tliem. The mango, strangely enough, is 
another favorite tree for certain species. About the Canal Zone, 
where mangoes have run wild through the forests, there is almost 
always a goodly nnmher of orchid plants upon them. Wild figa, 
on the other liand, arc usually almost or quite free of e)jiphvies. In 
general, it seems that smooth^barked trees are little fitjquented bv 
orchids, although the amoothnoss of the bark scarcely seems an ade- 
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qURte esplaDBtioJi for thia conditbn^ th^ smoothest bark 

has irregularities sufficient for the lodgment of orchid and other 
seeda 

ATLAJfTIC tXIAST 

Over on the Allautic coast of Costa Eica climatic conditions are 
verj different from those prevailing along the Pacific watex^hed. 
Hei'e, although there is some differentiation into dry and wet sea¬ 
sons, there is a eopioua aupply of moisture throughout tlie year. 
Even in what may be termed the dry season there are freciuent 
heavy rains, so tliat at all times of the year the atmosphere is satur¬ 
ated- Such a condition, associated with a high temperature, affords 
ideal conditions for the development of truly tropical vegetation, 
which attains a luxuriance unknown in teni[>emte lands. 

The lowlands of the Atlantic coast are charactorir^d by heavy 
foi'^eh'Uj, naturally more or less like those of near-hy Panama, but 
here there remain vast stretches stiD untouched by man^ The only 
bri^aks in tJio dense forests that cover tliis part of Costa Rtca are 
the extensive banmia plantations, for which tlie region is famouii^ 
and small patches cleared for cultivation of other fruits and of 
vegetables* 

Such forests aa these satisfy to the fullest extent one's pi^econ- 
ceived notions of what a tropical forest ought to be. The covering 
of the tree tops U $o dense that no s unshin e reaches the ground. 
Even the rain can not fall directly, and during a heavy shower ono 
may walk for miles without becoming wet* Very large trees, with 
trunks six feet or more in diameter, are frequent, some of them with 
fantastIcalLy buttre^^^ or otherw'ise supiaorted trunks. Certain 
trees, notably the Cecropiaa, which have always seemed to the writer 
the most characteristically tropical of all Central American trees, 
aro supported by prop-roots, similar in form to those developing in 
maize* T4irge, woody vines are cljaracterbtb of these foroits, and 
coar^ epiph^^, especially aroids and bromdiads. The ground also 
is well coveixsd nearly everywhere, mostly with large herbs, among 
which ferns are usually conspicuoui^, as well as nunierotis sorts of 
palms. Some of these plantis liave showy flowers, but more often the 
blossoms are small and inoonspicuoua. lu the heavy lowland forest 
one may look in every direction and see no sign of color other than 
tliB dull, dark, monotonous green that is characteristic of tropical 
American fore^sts, and quite different from the lighter and livdier 
green of the forests of the United States. 

Tliere arc a good many orchids in this part of Costa Rica, and there 
must be many undc^icribed oors, for the region has been little visited 
by botanists, chiefly because of a wholesome fear of malaria, which 
is all too prevalent at auch elevations. In the case of other groups 
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of plants it is certain that the flora k of the interest. CoU 

lectin^ orchids here is attended with ninoh the same difljc-iiftles as 
upon the Pacific coast, for the pLajiLs perch uiMjn the lushest branches 
where they can scarcely be reachcHh When one is so fortunate as to 
find an ai^a recently tiearecK where tlie fallen trees have not yet 
been burned* a lar^ie collection mny be gathered in a short time. 
Some of the orchids grow low npiin the tree truid^^ and can be 
reached from the ground. It ia not uncomnion to find orchids 
normally temslrfa! that have here taken to growing upon tree 
trunks. 

rilGH LANDS OF 4 eXTHAL COSTA ftJCA 

It b to the mountiiinj^ one must travel if large quantities of 
orchids are to l>e f»een^ imd there not even the leasi energetic collectnr 
can fail to find them* Of all Costa the Central uplands are the 
most attracti\'e part. The climate jn many localities is ideal, and 
the landeea|>e sutficientlj varied am! pleasing to satisfy the most 
fListidioiDS visitor, AH or nearly all the usual tropical iiiFCfCt and 
other pests are left hehindt and one may wander about wdth less dis¬ 
comfort than in most parts of the United States, There are so many 
l>eaiitiful places that it is im^xissible to detennine which sbouM head 
the list. What can be Invelier tlian the Yalley of Orosi, sHiuth of 
Cartage^ or Cartagri itself^ lying at tlie foot of the Volcano of 
Tni^u? Central America is rich in cities with beautiful $itesj but 
none of them can atirpass the Co^a. Ttican capital^ San Josf. 

This [xirtion of Costa Rica hai? a teiiijierate rather than a tropii-nl 
climate. Freezing temperatures are unknown* but upon the tops of 
the high volcanoes frosts occur. In thia temperate belt and just 
below' its lower timib^* or even in the colder upper belts of the moiin- 
taLns^ Orchids at Lain their greatest profiption. All this region was 
once coverfhd by dense humid forest^ no doubt, hnt now large Aress^ 
in fact the greater portion* have been cleaned to make way for the 
coffee fineos wducli furqisli the chief wealth of the country* At still 
higher altitudes the forest has been replaced by meadows over which 
graze the herds of cattle that are the basis of a Bubstantial industry 
in milkt cheessei and butter, such as has been developed nowhere else 
in Central America. 

Tho abundance of material here available for study under such 
e^(^paonal physii:^! conditions must arunse the enthusiasm of any 
tiotanist. The variety of plants is so great that at first one is over- 
whelmcdj and can only wander about bewildered and unable to 
fix attention upon any particular plant. 

Onlv .1 few liours’ ride from San Jc«4 over a e™d road brings one 
to Lii ]^iimn (pi. 10), a qlnsic iocality for Costa Rican plnats, ris- 
ited by almost every botanist ttlici has worked in Costa Rica, yet of 
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such wcfllib that it is still far from <>5:hitufitet1. One rides at first 
thi-ough comparjitively level cnnntry^ planted ivilh coffee and jri-ove^ 
of fniit trees, then throupfli fields of viym, until fin ally one reaches a 
rnther definite line at which there is evident^ of a moister dimate. 
Beyond this point then? are few cultivated fields, hut instead pas¬ 
tures full of cuttle. La Palma lies in a pap lietween tlie voicanoes 
of Barba and Iitizu. The pass between iht^ peaks has an altitude 
Ilf about 5,700 feet. Throuffh this openinir clouds pom- fivrn the 
plains of ,Saitta Clai^a, winch stretch inward the Atlantic coast: they 
lodge here ami shed their rain. IL is said that it is always ruining 
at La Palmn. No mutter htiw dear the tlay at Sun Jnsf, Icxiking to^ 
w^ard hit Palma one always sees low-hanging doudii^. Biding along 
the road one cometa fluddenly into this cloud KonCn out of the sunshine 
iutd a iiedetrating fog, with cold dri?HKhng rain, and often an ac¬ 
companiment of wiiuU At night this combination is dismal and uii* 
comfortable beyoml description, and even in the day tlie effect is 
diTary enough; yet the sun dot^s shine ^metimes at IjH Piihuu!, and 
then the scene is beautiful. Tiie teuiperatiire is so low that one is 
never com foil ably wami. The meadows^ mostly of imported prasses^ 
do vers j and other Eur^ipi'an plants, dottetl with dandelions, butter¬ 
cups, and violets, are green tluHiughout the year. The contiimotis 
rainfall has saturated the meaiiows so that they arc like siiougvs 
soakcid in icy water, into which one sinks at each step. There iii'e 
small rills on every side. About the meadows are banked dark 
masses of ireeSjthat also till the uncleared riiviiu?s. 

Clearing does not iseem to have injnrcKl the ffora: rather it has 
probably improved it. Many plants, including some of the mc^t 
showy ones, do not reach their liest devdopment in deep forest, 
but require a greater amount of light tlmn is available there. These 
have found a favorable envirtmment at tiie forest edge. Many 
orchids ticlong to this class; indecLh orchids generally, except some 
of the smallest and most delicate^ do not seem to thrive in heavy 
forest, and in general orchid collecting gives lieiter results at the 
forest edge and on the isolated trees that tlot the meadows. 

Take any one of these trees or one of the old slumps, and e-xaunne 
it at leisure. !t will be found that each tree is a veritable dower 
garden. Each has a tion different from that of its neighbor, 
^llic best iiicthod of collecting is to take a small area and comb ” 
the trees, one by one. Tlierc is no need to cover a large arta.; 
ahllity to climb trees is tbe most important requirement. Tlic trees 
lire small and gnarled, resembling old apple trees. They arc of 
many species, but uften it is difficult to determine what the tree 
itself really is, bo nearly concealed is it under a burden of alien 
vegetation. There arc sotne true parasites here, mistletoes witli 
masses of veBow or red fiow'ers, but mutii of tlie covering con- 
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alyts of opiphjtcs, loose emtijons and pendant:^ of mossf^s and hepa- 
tj{:s, gray Uchena, and ma^es of herbs and shrubs of the most 
heterogeneous family relationship. Some of the invading shrubs 
are nearly as large as the ih^lf, Many are noteworthy for 
I heir gorgeous flowers, and if tliis were a tropic-al forest it really 
would satisfy popular pktui^s of the Tivjpics, Usually yellow 
llowors predominate in any locality, but sueh is not the case here* 
Although yellows tire not al^sent, they are not so conspieuoijs^ at 
least in winter, as the reds siippUcd by innumerable plants of the 
lieatli family. These furnish ouch an abundance of red as one 
expects never to find in nature. Some of the lobelias are equally 
showy, and there are also other plants with red blosaoms. Blues 
are as scarce os elsewhere, but tliere are many plants with attmcLiv*e 
white flowers. 

iln all these Jwosa-^^overed trees there is an abundant supply of 
ferns and* last but not least, of oi'chids. The profusion of orcbids 
is truly l>ewlldermg. Occasrionally there is one with showy flowers- 
but more often they arc small plants, often only 1 dr *2 inches 
high, with miniature blossoms. Every branch beats u copious 
supply of thetn, and the variety is infinite. If one spends the whole 
day liuntJtig them, at evening one will still be finding new forma. 
Some species are plentiful and quickly recognised, but others are 
iSo rai'e that one may search aQ day without finding a second plant. 
When one renliases that in Costa Rica there are many hundreds of 
square miles of equally rich orchid territory, it will be under¬ 
stood why it is that every new collcfctor finds many novelties. 

Well within tiie forest, which is aJAvay.^ dripping wet, there arc 
many orchids and other plants upon the trees. The individual 
plants are BO outangled that there is difficulty in separating them* 
Their roots are bedded in masses of defying vegetable matter, and 
when a clump is pulled doAvn from above, a sboAver of debris falls 
into one^s eyes* terrestrial orchids occur, but Oie spedea are 

unimportaiit in comparison with the epiphytic ones. 

All around la Palma there arc many other favorable localities, 
several of which were visited by the writer* At La Hundura, over 
the pass from San Joac and on the Atlantic slope, the flora is almofd 
unbelievably varied and rich, and years of collecting will be in- 
sulficient to exhaust it. The elevation at La Hon dura h less tlian 
at La ralma. but the precipitation is as great, and there can be no 
better plaro in which to look for orchids. 

It is interetitiiig to see how remarkably the plunts change from 
one locality to another, even at a distance of only a few mile^i. 
Plants that are abundant in ooe place may not be found at all at a 
near-by locality, and this is frequently the case even with trees and 
other large and important spociea. With orchids elevation seems to 
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be a matter of ^at mipotiartce. There is apparently an optimum 
elevation at wLieii they reach tlieir best development. For the La 
Palma region this must be at about 6,000 feet. At another locality 
only a very few miles away, but of slightly greater elevation, ftrehitis 
were found to be far less plentiful, although the other vegetation 
was luxuriant and attractively varied. 

At higher elevations the scarcity of orchids ia still more pro¬ 
nounced. Upon the upper slopes of the Volcano of Poas, one of 
the most remarkable natural monuments of Central America, al- 
thou|dt there are humid forests, and trees loaded with epiphytic 
vegetation, orchids are few In both species and Individuals. Toward 
the summit of the Volcano of Turrialba their absence is even more 
striking, and not over half a dozen species were found, This is the 
more remarkable since the wet forests of Turrialba are richer in 
ferns than any locality seen by the writer in Costa Rica, and other 
epiphytes are present in cjiiita as great abundance as at La Palma. 
It must be that tho altitude h too great and the temperature too 
low for the needs of orchid growth. It seems certain, therefore, 
that the expectations of those who hare stated that a whole new 
orchid flora would he found on the higher slopes of the Central 
American mountains are doomed to disappointment. 

There are many other localities in central Costo Rico that fiimisli 
a wealth of orchlda. In the wet moutitains south of Curtago their 
variety is ])erhap3 as great os at La Palma, although individuals 
arc hardly as nutuernus. It may l>e noted, too, that most of the 
spwics found in the latter region are dilfcront from those of La 
Palma. Even in tho immediate vicinity of San Jos4 and Cartago, 
Gspodolly about tlie latter city, orchids grow uj»n nearly all the 
roadside trees, and oven upon fence posts. At La Palms one could 
mako a fine collection without ever leaving the wagon road, 

Costa liican conditions are extremely favorable for forming a 
living collection of orchid plants, yet little has been done in this 
direction. Some years ogo Dona Amparo ZDleddn assembled In San 
Jose an extensive collet^tion of the more showy siMwies. the plants 
having been collected principally by Wcrt-klc. Specimens from 
plants of this collect ion have been made the types of new species 
by Schlcchter, At the present lime, becaus! of the abHcuce of its 
owner, this collection has unfortunately deteriorated, and compsra- 
tivel)* few plantH remain. 

Frcf]ucntly about San Jos^ and Cartagu one secs small collections 
of orchids about the houses, mewt of Uie plants those which produce 
conspicuous flowers, One of the Hnest local collections is that of 
Father Benavides, in Heredia, This consists of a very largo number 
of plants and includes a wonderful display of Cattleyas and other 
20{m-3r-25 
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loxge'flowered local orchids. Father lienavidcs’ plants arc all 
grown upon pieces of tree-fern, trunks, which arc said to fumosh 
the best medium for the growth of epiphytic specieSi 

The mo&t enthusiaSEtic local student is Mr^ C. H, Lankester, o 
CartagOf an EnglialuruLn who has spent many ycana in Costa Bicftp 
A naturalist in the best and widest sen^c of that wordj he has de¬ 
voted much time to the study and rallcction not only of orchids but 
of birds and butterliieSj in all of w-hich he liaa made notable discov¬ 
eries, His present collection of living plants contains a host of 
beautiful and interesting forms. Besides local species, he has fine 
erotic plants, indtiding some of the most Imndsoino Cattleya^- 
He has carried on experiments In hybridization, and has planted 
upon trees about his finca hybrids and exotic species, in an attciupt 
to naturalize them. Mr. Lankestcr has forwarded many living 
orchids to tho Kew' Gardens^ and from his collections there have 
been described numerous Costa Rican novelties, including the new 
genus LankestercUa, 

SOME HllO^VT COSTA RICAN onCItlPS 

Costa Rican orchids are famed for tiieir variety and for tlte beauty 
of some of the species. They include all or most of the groups 
already rnentioned from Fonama^ bemdes many that do not occur in 
Panama. >fost shoAvy of all are the Cattleyas, which are unusually 
abundant in Costa Rica. 

To tliese flowers there is given locally the name y™™, an in- 
digetious term. The mo^ plentiful is the ^uarin morada or purple 
Cattleya, C. «kin7i4;ri (pi. 20), n species w hich hm already been men¬ 
tioned os occurring m Salvador* In Costa Rica it is stiU more 
abundant, growing commonly all over the Pacific slope. The plant 
is a great favorite locally* and for this reason is seldom seen wild in 
the more thickly populated districts. At Fscazd, a small village 
near the capital, I have seen a greater profusion than anywhere eke, 
and a show of great beauty in March and April, when the flowering 
season is at its height* There is scarcely a home that docs not OAvn at 
IcoJit a few plants, fastened upon trees in the dooryards, growling up¬ 
on the tilo roofs, or fonning dense masses along the tops of the 
adobe walls that inclo<se the gardens. 

One of the striking features of San Jo^ is the great number of 
florists who have gnrdens or jardinsrim where Howlers are grown for 
sale. All over Centra! America the production of cut flo’ivets is an 
industry of considerable importance, and in San Josg more so than 
anywhere rifle, for the gardens here seem almost without number. 
Jfost of the flowers grown for sale are of common sorts, anch ns roses, 
carnations, and lilies, and they are planted in great abundance. The 
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cultivation of Cattlcyas and other orchids for the sale of their 
flowers is oomEDoo, and im some of the cominercial ^rdens there 
are ma^ificent displuys* The fine clump of Catth^a tMnn^ illus¬ 
trated iu Plate 20 is from such n garden, Owned by an Amer¬ 
ican citizen of Danish origin* In this Milflor garden there is a long 
avenue, lined on each side with trees whose trunks are coniplcteiy 
eovered with this Oattleja, affording during the flowering season a 
gorgeous show of color. In other gardens the display is almost 
equallj'- fine. Some of tlie plants are as large as a w^ashtub and pni- 
duce hundreds of These last for weeks and are of delicate 

shade±> of nowc purple* 

The genua Cattleya consiEta of 30 to 40 species, all of which are 
American^ extending from Mexico into South America* They are 
the favorite orchidB for cultivation in the United States and Europe 
because of thoir kandEome flowers and even more, perhaps, becau^ 
of their easy culture* They are favorites with the hybridizer, and 
numerous fine ariificial forms have been produced by hybrldizaticm. 
Many living Cattlcya plants arc exported from tropical America for 
growth in northern otnmtries. Tlieir fiow'ers are the orchids most 
commonly sold in flower shops in tlie United States, and those, gen¬ 
erally associated in the popular mind with the w'ord orchid. 

Tlie most prized locally of the Costa Rican orchids is the ^uarui 
N^nca or white Cattleya. It is only a color variant of Catthya 
skinn^ri^ but a very distinct one, for the flowers are pure white* It 
is a strikingly beautiful plant, and occurs in the wild state, although 
it is BO much sought after that it is now hard to find. Even in 
Costa Rica the plants are held at dear prices, and I was informed of 
one fine chimp for which $150 had been paid. 

The third Costa Rican Cattleya is probably the fmesi Centra] 
American orchid, and is commonly considered the most gergeouE of 
all the Cattlcyas. It is the guaria Turriulha or simply 2^urria7iffl, 
the Turrialba Cattleya, t7. do^iaua (pi* 21). It takes ite name 
from the fact that it grows chiefly al>out the lower slopes of the Vol¬ 
cano of Turrialba, on the Atlantic side of Costa Rica, The wTiter 
was fortunate enough to find a vigorous plant, with buds, in tJie 
forest near GuApiles. This Cattleya also has been so much liunte^l 
by cominercial collectors that it is now considered rare. Ite sepals 
and petaLs are nankecu yellow, and the ruffled lip is of a rich deep 
crimson purple, veined with gold. In color it ia qaite unlike 
any of its relativesj and none of them is so richly decorated* 
When first described in Europe by its discoverer, Oersted* botanic 
were skeptical as to the acc uracy of hi$ de^ription* Although the 
Turrialba Cattleya is confined to Costa Rk-a^ several varieties of it 
have been reported and introtJiiced into cultivation from Colombia, 
one of them w'ltli pure yellow flowers. 
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Kext to die Cattkyas, tha plank most esteemed, for cultivation in 
Costa Kica are tlie TrichopiIias> Of these the most common k 
TrickapUia ttuttfia (pL ^£1)^ a species occurring also in Panama. 
It is rather frequent in Costs Hican forests at lower altitudes, and 
it k possible to find wild plants quite as hne fis those of gardens. 
Tlio llowers have white or creamy sepals and petals; the lip has a 
yellow throat, with nose markings upon a white ground. Tricho- 
pilias are well known locally, and oven in remote country dietricia 
small children know them by their Latin name. 

Otlier aliowy species are found among the Odontogloisunis, one 
of the most popular groups in cultivation of all American orchids. 
Odontogltusam iohtiep^rianvtiTi (pi. 23, fig. 1 ) has yellow flowers, 
the segments cross-barred with deep purple. The Stanhopeas are 
noted as including many fine plants that are favorites in cultivation. 
The one Uiustrated (pi. 24, fiff. 1) has fioweta about 4 inches 


broad, in which the apals and petals are pure white, with purple 
dots, and the lip white with yellow base and purple niottlings. 

Many other Costa Itkan orchids deserve mention, but without 
illustrations they would be no more than mere names. The Miltonios 
are almost as beautiful as the Cattkyas, and there are other Httk 
known plants that are noteworthy because of their exceptionally 
handsome blossoms. a dwarf plant with! 

clusters of pure white fiowers, handsomely spotted with purple, is 
one of the mmt delicately beautiful of nil. The moat common and 
striking ordlid of the Meseta Central of Costa Rica is ^pidendrtim, 
7\idicajti, which is found nearly everywhere at certain elevations. 
It is a terrestrial plant, its slender, erect or climbing stentB, with 
their numerous thick aerial roots and broad thick leaves, topped 
with a cluster of orsngo-scarlet flowers. In many localities it al¬ 
most lUQjumes the character of u weed, and grows in the greatest 
abundance. The writer was shown an iinnsually interesting and 
lor^ colony by lifr. Lankester in n curious habitat upon his finca 
at r^as Concuvas. Here it occurred in great profusion in a marsh 
along with a n*l»i,Bria and, strangely enough, the common royal 
tern, ju^ ns wc find the last in the eastern United States. Such a 
hibitat IS quite nnusiia!, for eniinerilv the seorkt Epidtudnim in- 
haliits rnther toII drained bosks and meaduirs 

Auotber Sue Epideudruin is E. lindlcsMn (s'. 23, fli! 2) a 
,, ant ^.elliu., referred to the p.„„. 

lluetreted ae|u ubta.ued at Or™ by l>o„ Auaslasiu AIF„,!rdirec- 
«r of the C^la Kieeu National Museum. „„ enthiisiestic urehkl eol- 
leetur. In this plant the doirers nr. reee purple, and the petals imd 
»pals well nrer a,, ineh in engl i. A>-*«dr,™ 24 , q 

3) IS s widelv d,.tnbi.ted plant ,n tr.|iieal America, and Le of th. 
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most QttractiTfl of its group. Tlie sepals and petals (about 3 inches, 
long) ara greenish yellow^ and the pure irlute lip is divided into 
many long threadlike lobes. 

The species of Acineta i]lu!?trate<I (pL 2S>) is a relative of the Gon- 
goras (pL 15) tliat arc so common in Panama* The Plcurothallis 
(pL 26, %, 2) is a representative of one of the largest genera of 
of American orcliicle. This one, however, is scarcely typical of the 
genus, since it is a plant several feet high, while the other species 
seldom attain a lioight of more than 3 or 3 inches. The 
species of Pleurothallis, although highly interesting to the hotaniat, 
are of no valne for cultivation* 

In view of the large collections of orchids that have been made in 
fcoDnt years in Costa Rica and elsewhere in Cenlral America, it is 
sometimes asked by persons unfamiliar witli the region whether 
tliere may not be danger of their extinction* It may be stated that 
there is no danger of this, so far as the operatEons of coUectors for 
study purposes are concerned- Gommercial collectors hunt only the 
showy plants, and even these are probably in no mitnediate danger 
of extermination- In the case of herbarium collections, only a few 
apecimens of a given species are taken, and there is no possibility of 
exhaustion from this source* The greatest menace is the clearing of 
the forests for agricultural purposeSt which in Salvador has pi'o- 
ceedrd so far as almost to eliminate tho primeval vegetation \ but the 
rapid extension of the agricultural areas in Central America is far 
more important and dcsinihlep it is needless to remark, than the pres¬ 
ervation of orchid species. In favorable localities in Costa Rica it 
would be possible to gather in ii short time many tons of orchid 
plants without exhausting the supply. When we remember the in¬ 
credible number of seeds produced by orchids, we wonder only that 
they do not dominate vegetation everywhere in the Tropics- 
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1 VIEW OF EXTERIOR OF THE POWELL ORCHIO GaBDEH. BACRO*. OaMAL 
’ ZONE. The Vine-Covered trellises. Seen from a Distance. Sgo- 

GEST A Vineyard 



S', View in the Powelj^ Orchid Garden, Over T,D00 Plants Are 

GftOWINQ HEfite. REPRESENTINtl NEARLY ALL THE ORCHIDS KNOWN 
TO OCCUR IN PANAMA 
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C. W. POWELL »N HIS DHCHID GAI^Q^N At 2. SOiRALIA POWELtIN QATUN LAKE. CANAL 

BAL80A. Qa^ial Zone Zone. Flowers White with Bronze 

Throat. SLiawTUY REDOcEfi 
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Plate 3 


li CATTLETA DECKER1. PANAMA. FLOWERS Ra3E-PiJRP|^. MUfSH REDUCED 



2 - ThICHCPILIA HARDINATA. PANAMA. FljDWERS WHITE. WITH DEE^^ 
Red Throat. Ascot Dne-Third Natural Size 

(rJwlBjjjmlaliv Imin Mr, C- "liV. j 
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PlaT£ 4 



^RASUVOLA NODOSA. PANAMA. UP PURE WHITE. MUCH REDUCED 
(Pb0Uva|>1^ Mr. C. W, 










OnCIDIUM PCi^ELLlt, PANAMA. ONE OF THE SUTTEflFLT OHCHIOS. FtOy^ERS BHOWN ANO VELLOW. 

ARout Half Natural Sbze 

f T^ntflffiin>h fpflni Mf. U. W JVwpIU 
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PLATE ^ 



I, BRASSIA LONOIS^IMA^ PAMAiljA. FLOVfSt^ YELLOWISH GrEEN. THE 

UP Marked with Purple. Much Reduceo 



i, COHTAfltMES HUNTeHIAHUW. BUCKEt OHSHID, F>ANAMA. FlDWEM 

vellow. Mlk^h Reduced 

I PhiifctiiitMiVhH frciiti Mr i\ w PwflTi' 

















EpIDEND^UM ATROPlrltRUnEUM^ A CdMMON 2. EpIDENDPUM STAMFaRDIANUM. PAI^AMA. FLOWERS 

S^ECIE$ OF Pakaha and COSTA HICA. SEPALS WHITE AND R05€-BB0WN. NATUHAi SIZE 

AND PETALS PUHPJ-ISH Brown ; LiP WHITE* 

WITH RO0E LINES. NATURAL $(Z£ 

t tlAuE<vrrl4lfcL« rrn^tH Stv, l.\ . fu^rLlJ 
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PLATE & 



EpIDEIND^UM PAC^VCAflPUM, FflrJOLEA, GaNAL ZoH£. FLOWERS WHlTf. 

THE Lip Veined wptm Purple. Natural Size 
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PLATt 0 



Epid^NDRUM VAflilEOATUM, CahAL ZONE, FLOWERS GREEHI^ WHITE, 
WITH DARK PURPLE MAilKINd&. NATURAL SIZE 

(Fbotocnpti hr Mr. n, vimn 
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PLATE 10 



MoRX::>DE 3 H'JCICIHJ^TOR. CANAt ZUHE. A PoFITIOH OF THE PEHDSNT 
Inflohescence- Floweab ^VARvrHa FROM BmaHT Yellow to DAHit 
BROWN. Natural SIZE 

;PhiE9tmpR bj .^Ir. Il, Fbttbr^l 











MoRWDDES I<IN£UU. panama. PlOWEBB BbOWN. 2, CATA5ETUM %VAR5CEW1CZi^ PANAMA. FLCJWERft 

AaCUT HALF naturae SIZE GREERI5H WHITE. AROUT Half NATURAL SlZE 

(I^lkiiit«rtci^|ii1k$ fNHiL Mr. t \ liV. Vfnin-lil) 
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PLATE 12 



CaTA&ETUM VIRip^FLOFlUMi 
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FlAIE 14 


Ctchnqches VENTI^rCOSUlH. Ca.N^L 2o«E. 




Flowers Greshish Yellow 
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Gonqora ouiHQueNEqvis- Canal Zone, Flowers Gneemgm Yellow wrTH Purple-Brcwn Spots. Natural sue 

(rhgloKmpti by Mr. ||. Viiiin} 



SifilttlfatiUri Riport, I ^-4,— 















SmltliiiMiUn Rflijcrl, tfl2*.^Sl4ndl*y 


Plate Iti 



Vanilla 


tVAHlLLA PIANEfaUA^. GUATEMALA, ThE FlO’W^FJS ARC 
QftEEN)BH White. ABOUT HALF NaTLJRa[ SIZE 


IFhAfaifr>|ili IhMi. U. f, Drpnrttnrtil of iiHrullui,) 


-X L'v 
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PlAJE 17 



Vaniu-a ^Vamiixa planffoua}. Canal ;eone. Natural 

(tlwtfifrnjili fPMn E, l>D|»QfI m^at of AfHaailEiireJ 
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VIEW AT LA PALttA. OOSTA RiCA, ONE OF THE BEST ORCHID l=rEOiDNH OF CENTRAL A^flERICA. ALL THE 

Trees Arc Loaded with OitCHibs and other Epiphytes 

(T'Ma|-ufpi.p|j fium U. ?. lAiivkrLiinrbl of AjffkniltiLTE'V 



'IFECI 'IJfldBH 
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PLATE M- 



CaTTLCVA tKINKCfti, S*N JOSE, CoSTA R|Ca. FlOWEI^S RoSE-PuWlE 
[Phcropiph hy M. tidni«« MlnU)«) 











C *.TTLeYA OOWJ A HA . OMTA RICA . SfcPA Ui ANP PETALS N ANKG EN YELLOW : Ll P CR IM50N- PURPLE, Ve m ED 

WITH Gold, iviuch reduced 

i;FlIoSiOtrmpTi by ^.flrjiJIciii 
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Smlthtcnlin R*[wrT, Stindlty PLATE 22 



TntCHDPILIA SUAVF&. COBTA RlCA AND PANAMA. FlOwERS WHITE WITH ROSE MAPIKtNaa. 

ABOUT OHE ThiRQ IVATURAL 8iZE 

(Plifle4)fsni3lt Itf W HlFidRit 
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PmT£ 24 



L STAMHOPEA ECORPtum. SARARtQUk C<MTA FIlC*. FlOWEBS WHITE. 
WJTH PuftBLE DOT6- ASOUT HALF N ATURAL Si IE 



2. EPIOEN&flUM «4LIARE. CaCMI. CoSTA RiCA. 5EPALS AND PETALS 
QnZEm^H YELLOW. THE UP WHITE. MUCH REDUCED 

Sflr* C- K+ iukcsirU 
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Plate 26 



A of Acineta. Costa Rica. Flowers Yeejldw akd SnowNisH 

Red, Fles44y. Reduced 

(I'twtwnpli br j^E Mlrvll»| 

























SKETCHES FKOM THE KOTEBOOK OF A NATURALIST- 
TRAVELER IN OCEANIA DURING THE YEAR 1923 


By €a4:et A. Wood 


Since every visitor to Polynesia atnl Aiiistralasia must perforce say 
sometliing about Captain Coot, the mutineers of tlve and 

the Southern Cross, I need not apologise for beginning my obser- 
vatiuns with a few notes on these attractive subjects. 

Imprimis, 1 discovered that my recollections of tiie throe voyages 
of Cook and of his remarkable scientific career were not as fresh as 
they ougiit to bo for ono who proposed to travel over that quarter 
of the globe he descriljotl so clearly over a hundred years ago. In¬ 
deed, after reading the account given in his “Voyages,” one feels 
that very little of importance has since lieen published touchmg the 
early historj’ of the South Seas, many of whose islands ho plaood on 
the map. Certainly, since the publication of his reiJor^ we have 
not learned much more concerning the customs and lives of the 

natives. . 

James Cook, son of a common agricultural laborer, was ^rn in 
Yorkshire, October 27, 1728. His parents tried to fashion him into 
a haberdasher, but the lure of the ocean was too much for him and 
them and—an old, familiar British boy's tale—he quit the trade and 
went to sea os a common sailor. After various adventures along the 
British coast and in the Baltic he volunteered as an able seaman m 
llio royal navy, assisted at the capture of Qucbc<^ charted tlie lower 
St. Lawrence and the shores of Newfoundland and succeeded in 
pi-oving to his superiors tliat ho was no idler in his chosen profes¬ 
sion but aspired to tlio highast command possible to a self-taught 
mariner. When, in the year 1768, tJie Government at the suggestion 
of the Royal Society, decided to send an espeditlon to the South 
Seas for the purpose of olnierving the transit of Venus over the siui a 
disk, Lieutenant Cook, then 40 years of ago and in the full posses¬ 
sion of his powere, was placed in command. From that date the 
Pacific and its wonderful islands became Jus special domain and hifl 
accounts of his three voyages of observation and discovery make 
fascinating reading. It must be remembered that at leart two of the 
adventures were undertaken in the company of well-trained natural- 
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ists. studonts of Linnaeus, who probably “checked ttp” most of the 
reports nn animal life with which his pa«^ are crowded. On June 
25, 1116 , Captain C-ook sailed on his last voyajje—an expedition fit¬ 
ted out by the British Governmont for the eWef purpose of discover¬ 
ing a northwest passage from the Pacific side — to do from the west¬ 
ward what Franklin and others were later to attempt from the east. 
On ViiTcntine’e Day, 1770. he was clubbed to death by the natives of 
Ilawaii, with whom his men had an altercation—a most tragic end 
for a man who had uniformly treated the uborigincs of the lands 
he visited with humanity and tact and with such a Just regard for 
their peculiar viewpoints. 

His accounts abound willi references to the abundant faunal, 
especially the avian, life of Polynesda. Listen, for example, to this 
extract from his “First Voyage”: “Northwaitl from Botany Bay 
• • • we liave for some days past seen the sea birds, called boob¬ 
ies, which from lialf an hour before simrising to half an hour after 
were continually passing the ship in large flights, from whicli it was 
conjectured that tliero was a river or inlet of shallow water to tlie 
southward, where tliey went to feed in the day, returning in the 
evening to some islands to the northward.” Of course these were 
not Svla irnmnOy that exclusive Atlantic bird, but the Booby gan- 
nct-^uftt fctrropfirrirffl—seen on both sides of Oie American ContL- 
Dcnts. I mn morally certain that it was some descendants of ♦.h* ‘ sp 
same boobies that we saw as we sailed the same waters. 

For his second royago the Government cmploj-cd 11. M. Banjuc 
JTnrfcarour, 370 tons, complement 84. With this c*iuipment the 
transit was successfully witnessed (on Tahiti) and duly reported, in 
the Philosophical Transactions for the year 1771. 

Several designations remain to mark this adventure: Two of these 
the group name, Society Islands, from the Aoyal Society^ and 
Point Venus, about ten miles from Papeete, where the transit was 
observed. The British were so well pleased with Cookes part in this 
undcrUking that they placed him in command of a second expedi¬ 
tion to complete the disixivery of another continent that most geog¬ 
raphers helieved existed in the Southern Hemisphere. Two ships 
were this time commissioned for tlie purpose, the Jt^^oluiion^ 462 
tons, and the Adrcnhirc, 33G tons. They were wdl equipped ond 
liberally provided with scientific apparatus and sEoris, As with the 
rejHirts of the first voyage so is the second replete with clear descrip¬ 
tions of the fauna of the islands visited. As they sailed south from 
New Zealand, for instance, they fell in with seveml large islands 
and, at last, wUh a quantity of loose ice. Here they saw “ firay 
albatrosses, blue peterels, pintadocs. and fiilmers,” Still later they 
got two of the Ahtaretlc petrels. “ Tliese are about the size of a 
large pigeon ; the feathers of the bead, back, and part of the Upper 
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side of the wings are of a liglit brown, the belly and underside of 
the wingB white; the tail featliers are also white, but tipped with 
brown. These birds are fuller of feathers than any we had hitherto 
seen; such care has nature taken to clothe them suitable to the ciimnto 
in which they live.” And the foregoing description has not since 
the days of Cook been much improved upon. 

Probably Captain Cooks “blue pctereb” were of the genus 
/’riofir—the small dove petrels, whose upper surface is ashy blue, 
with white below. They are only about 12 Inches long, with a jet- 
black, pyramidal band stretching from one leg to the otlier across 
the rump, which shows very plainly during flight. 

The “.\iitaitic peterel” may be thot allied species, Frii>A 
afds. They do not attend ships, being suspicious of man and all 
his works, but follow' the whale and feed upon not the crumbs but 
the more siilistautial fragments that fall from Ida ample maw. 
Jlence their vulgar name of whale bird. 1 have never seen this spe¬ 
cies alive, hut they are said to be nocturnal in their liabits. The 
“pintado” is more certainly the pretty little cape petrel— 
eapensi*, or cape pigeon, so called from its BUporfici&l resemblance 
to a pigeon, with head spotted with black and a pure white 
belly. This small petrel, well known to travelers in the South 
Pacific, eagerly feeds on scraps thrown from vessels, and even dives 
after them, like a duck. If caught, Baptian, like others of his kind, 
tries to defend himself by ejecting an offensiv'e fluid nt and over his 
captor. Although essentially an Antarctic bird, it is occasionally 
seen as far north as Ceylon and California. 

.Although Captain Cook did not find a northwest passagu, oven 
witli the aid of his good ships of 4<>2 tons, and Discovery, 

300 tons, yet he made for his Government many other discoveries 
that were, perhaps, of greater value. 

It may with truth be claimed that the traveler who first saw and 
described the famous cooslellation, the Southern Cross, was an 
American. When Americo Vesjiucci, on his first voyage, saw the 
constellation, he wrote in triumph that he had beheld the Cross— 
and Dante’s ‘‘ four stars.” A friend has drawn my attention to the 
jwet’s description: 

Td Uid [ turD(.*U and my mliul 

Oil ihv olht-r pole attentive^ vTben; i nayv 
Fdot stars ne’er iioeii before Buve by tto ten 
Of onr first psrenta, 
llearen of tlielr my Heemod Jpyott-i. 

0 + tlioTi northern site, bemft 

Icdocil, aniL wldowefi, since of these depriAeti" 

This quotation is from Canto I, of the “Ihirgatorio,” in Caryls 
translation. 
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Tbe Cross ILc$ directly south of tlio oonstdlation Crater^ imd 
about SO* of the pole. The precession of the equLnosea is carrying 
the Cross steadily southwjLrd, and it b said to he n fact that the 
consteLlation ivas last seen on the horizon in tlio latitude of Judea 
about tlio dine of Christas crucifixion p I rcniernber that at the 
season of the year were at Assouan the four stars (perhaps onJj 
two of them^ really) wens barely visible on the horizon for a short 
time in the early evening. I do not agree with Figafetta that it 
such a Croce maravigtiosiL, but then 1 was more gradually intro¬ 
duced to it than he^ and I didn’t see it with liis deeply religious and 
fervent eyes. 

It mttst not be forgotten that Job saw the Cross us a familiar 
heavenly ^rie$ in his northern skicSi as did many another ancient 
and reliable astionomer, and yet they were not much impressed 
by this kite-like group. Let me add that of the four slars that 
outline the Cross the third largest (Gamma, at the top of the Cross) 
is orange-colored^ the others are white. 

Tho Sreadfrui^ tree, ns I have seen it in the West Indies, South 
America, and on these islands, is a very handsome ornojnent of the 
landscaj^e. The eomtnon variety may grow to 

a height of 50 feet and^ with its long, dark, glo^y loaves, at once 
attracts attention. The fruit is roimd-oval, is about the size of a 
child’s head, and is covered with lozenge-ahaped elevations. 'Flie 
unripe fruit is green | yellow when mature. For cooking, it should 
bo gathered before it is fully ripe. Tlie fruit io then baked and 
fperved with the rind, after the manner of our squash- Stones are 
heated in the usual Polynesian fasliion (or a more np-to'date oven 
is used), the breadfruit is cut in three or four slices, and then 
alternate layers of hot stones, Leaves, and cut fruit are well covered 
with leaves and earth and left to <^k in their own juices. Pre¬ 
pared in tliig fashion the pulpy interior is a faintly sweet, starchy 
substance suggesting tho crumb of a wdieaten loaf. 1 can not say 
that 1 regard it as more than a poor substitute for our ivhite bread. 

Alfred K. IVallace^ in his Malay Archipolago, rates its food value 
very high, and says that with meat and gravy it seemed to him 
superior to any starchy prodneU in any tciitperate or tropical 
country. He also draws attention to the delicious puddings that 
can be made from it, especially if one adds plenty of sngar^ milk, 
and butter 1 Perhaps the most important coijsrideration, m Wallace 
also points out, is that a fair quality of dour can be manufactuml 
from the dried fruit, available for a decent variety of bread and 
biecuits. I suppose there is no harm in adding tlmt the bark, tnink. 
and gum of this tree is (or was) iised by the natives of Polyiieiria 
for making all sorts of things—emiDefi, boskets, cb?. 
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For me tlie chief attraction of tliis subject lies in the fact that 
we ha^'o nailed relatively near the scene of the gi’eatest breadfruit 
story in all history. In 1772 Willintu liligh, tlien only IS years 
of age, s< 3 eomi>anied Captain Cook on bis second espedition to the 
South Seas (17'ra“l774) as sailing master of the Resolution. The 
Voting man was greatly ioterested in the New World that was in 
this way opened up to hiui, and made a particular study of the 
rohmesian flora and faiiua. When the expi^ition reached Otaheite 
(Tohitij Bligli bccoroe acquainted with the wonderful breadfruit, 
and talked and wrote so much about it that his fellow oBicers nick¬ 
named him “Breadfruit Bligli.” At the end of ITST be was sent 
to Polynesia in command of H, if. S. BoutUg to gather breadfruit 
and other plants for cultivation in the Wed Indies. The expedition 
gained Otahelte in the spring of 1788. What iiappened shortly 
wftenvards is told by Lieutenant Bligh in a small volume entitled 
“Tlie Mutiny on Bgnrd Bount;/:'* “We sailed from Olflheite April 4, 
1 *88, having on Iward 1.015 fine breadfruit plants, besides many 
other valuable fruits of that country which wo had been collecting 
for three and tw'enty weeks, and wliich were in the highest state 
of perfection.” Two weeks later ho was scissed in his cabin by the 
ship’s master of amis and two others of the crow, pinioned and 
threatened with death if he made resistunoc. The crew also seiaed 
most of the other oflicers and gained control of the ship. The 
(Aptain and 17 others were foreed into the ship’s longboat, 25 
mutineers remaining on hom'd. Lieutenant Bligh and the 17, 
touching at several islands by the way, finally reached Batavia and 
eventually England. Tlie rautineers sailed the RomUg to Tahiti, 
where most of tliem elected to remain. Six of these were later ap¬ 
prehended, taken to England, placed on trial and three were osc- 
ciitcd. Meantime, in 1790, Fletcher Christian, the leader of tlio 
mutiny, 8 other Englishmen, 6 Polynesian men, ami 12 Poly¬ 
nesian women embarked on board the Bouiitg and, after cruising 
about the Paumotus, took posssessiou of Pitcairn, on the out¬ 
skirts of that archipelago. This island is u mountainous, volcanic 
uplift area obout 2 sepia re miles, with several fertile valleys Hero 
tills curious colony, having burned the Bounty^ seems to have dis¬ 
appeared from the sight and knowledge of man. By the year L80() 
all but one Englishman—^Alexander Smith, who a^utued the name 
of Jolm Adams—^had died. He appears to iiave been one of the 
few colonists to preserve a sense of responsibility, as he gained the 
respect of the natives and induced them to bring up tlioir chUdreu 
in at least a semiciviliaed fasliion. It was not until 1808 that tim 
lost colony was discovered by an American vessel, the To fast, 
I^ater other ships touched at Pitcairu ond brought news of the 
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JTintiD<^rs’ descendants to the outside world. John Adams liFcd 
until ISSO, ani:] was mieceeded by Georgre Nobbs as chief maf^istrab?. 
Til rough fear of droughty the whole coloriy were returned to Tahiti 
in 1830 on a British man-of-war, but they disliked the change, pined 
for their beloved Pitenimj and wero sent back in 1831* 

The Pitcairners thereafter had an up-and-down career for another 
2f* yenrst when, in lS5ii, GO married and 134 youngsters were npiin 
removed, this time to Norfolk Island* As time passed a clumber 
(40) returned to Pitcairn^ so that in 1895 the |>opiilation was about 
170 soub. The Pitciaini pe<jple continue to spealc the patob, mostly 
composed of the Tahitian of the original Polynesian women, that 
arose out of the mi^ed races that migrated m the dnys of the Bount^^ 
and, although they show some of the signs of inbreeding consequent 
cm their century of complete isolation^ are, as a rule, intelligent and, 
for Polynesian half-breeds, an active and virile race* 

Tlic romantic story of the B&untj/ excited much interest all over 
the world, and attracted the attention of Tvord Byron, then ap¬ 
proaching the end of his tragic careen He further immortalized the 
muiineerd in a poem—the lost long one from his pen—entitled ^^Thc 
Island.*^ 

It is due to the memoTj of William Bligh, who rose to distinction 
and became tm admiral in the British Navy, that the mutiny on his 
sliip was no fault of his rule, but was the outcome of relations estab¬ 
lished between meml:K?t3 of the crew and the women of the enchanted 
isle of Otaheite, an iittraction that seems to hnvo retained much of 
its force since the day that Cook sailed into Iho lagoon-harbor of 
PnjMHutc* 

&veral friends have asked mo whether tho descriptions of tropical 
scenery and of tropical life—^humsii, floral, and feral—that one reads 
as paii of the voluminous literature of Polynesia, are not largely 
figments of the literary imagination. To this I nnawer: ^Gen¬ 
erally speaking, no; but not infrequently, yea.” After all, the ver¬ 
dict depends u]x>n the individual. Some there are who see only the 
beauty and the romance that is Oceania, while others, following an 
identical itinerary, see little that is satisfactory and learn only that 
Polynesian man in vile. Some are convinced that on these tropical 
islands ^^every prospect pleases” and tliat only the human dcnient is 
objectionable; contrariwise, there are those who find all jungles and 
all atoUs alike and that only the aboriginul or the '^ntrorluced 
beiich-<‘ombcr Is of interest. In all probability the truth lies midway. 
In auy event I feel certain that the unprej udiced observer will always 
discovers continued chnriii in a country Umt is wholly new, reiiiark- 
ahly varied as one travels from one ifiland group to another, and full 
of iiahiral hMnjj wondera. Possibly tlie following description^ 
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thilt I jotted down in ray notebook fi^ro tiiiic to time, miiy appear to 
Ihj sejitimcntal osu gge rations and ’worthy of being cliosied with the 
productions of South Sea but tiiey were, at the time of ob- 

serratiau at least, geiiuine jmprossiotis: One evening, lialf an hour 
before sunset, when E, and 1 were on the deck of our steamer then 
Iving in tha Papeete lagoon, she drew my attention to the fact that 
the two large islonds, Tahiti and Moorea, the latter 20 miles distant, 
are admimhly situated for displaying the wondrous magnittceace of 
a tropical sui^t. And so it proved on that occasion. Between the 
islands, in the roadstead, is a toy islet, with its quota of palms and 
other trees, tliat dn^es duty as a quarajitine station. Some time after 
the mountain peaks of Moorea obscured the setting sun, the weird mtd 
loftier crags of Tahiti were brilliantly lighted by solar streamers 
that seem to stretch across from the sister island. As the sun sank 
below the true horison and the sliadcs of tropical evening deepened 
into night all our surrooudings-^KJcan, sky, mountains and islet 
became the scene of fairy-like kaleidoscopic, color transformations 
that changed every minute, punctuated by tlie distant but regular 
roar of the breakers on the barrier rwf and the cool “ whiffs’’ of the 
delicious land breeze one may with confidence look for at nightfall in 
most of the southern Tropics. We agreed that wo had seen as lovely 
sunsets elsewhere, but none with such a remarkable environment. 

Here is another note: Last August (at the end of the southern win¬ 
ter) I wisiied to study (in their wild state) the beautiful fruit pigeons 
of Fiji, and for tliat purpose took a native cutter bound for Kandam, 
ti mountainuus, volcanic island, the most southerly of the \iti group 
and in tlie fifties an American whaling station of sorts. 

Kandavn is about 37 miles long, four wide, and lies 60 miles from 
Viti Levu. Tliis charming volcanic uplift is practically shut off 
from the world. On it are only four or five white planters who have 
no telephones or telegraph stations, no roads and no post ofhees 
worth talking about. There is no communication with the other 
islands eicept by occasional—very occasional—Fijian craft. Now 
and then a native journeys from one village to another over iU- 
kept jungle trails, almost impassable to Europeans. My artist com¬ 
panion'—a de:(trous painter of animal life—and I put up at the 
hospitable home of Sir. and Mrs. M., educated English ^plo and 
the only Europeans on the western end of tlie ialand. Their house 
was built on an eminence, itself surrounded by verdpre-elad bills, 
escept toward the northwest, where an opening in the hilly amphi¬ 
theater fumislied a view of a Iwautiful bay. In its turn the bay was 
protected and cut off from the ocean by a coral reef that continuously 
threw up a succession of many-sounding breakers whose outlines were 
plainly visible by contrast with the blue waters of the boy. Trees 
of every tropical variety, both wild and cultivated, covered the bowi 
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of this ancient crater^ while birds of many kindi;—^parrots, parjt- 
kects, sun birds^ Fiji ■‘robiiiB,” honeyeatera, fatitaiis, piyeotis, dovus, 
Jiuwks—^ve additional cajur to the laodacnpe and lent musica] 
notes to the loud baiiblin^ i>f a brook that raii pa±^ the hotuia on its 
way to the oocan. As if to perfect this Fijiflu paradise, the white 
hlosBoniii of several frangipane trees blew their strong fragrance 
tiirough our moms day aini night. 

Unless 1 was too fatigued from tramping over liill and dale 
through tlie rather difficult jungle, 1 rose an hour before daybreak 
that I might rofrc&h my self by di'inking in the glories of the star¬ 
light sky, much of whicii 1 had setm in 1923 for the first time. Stand¬ 


ing well within die bowl of the lon^i^inactiTe crater, the oncoming 
dawn Was an entirely new exjierieuce. As the eastern heavens 
lightened, the shadows of the valley beneath appeared to deepen, but 
at last the honeycaters began their earliest notes, and with these 
matin songs the outiinea of cocoa palms, breadfruit trees, mangoes, 
bananas, and other plants assumed individuality until over the edges 
of the gpceu-rimmed hills streamed the first rays of the morning sun, 
Tliey foil upon the opposite RlDpes, bringing with them a perfumed 
atmosphere redolent of the ever-flow'ering trees, shrubs, and vints 
that clothed the green lullsides to tlieir very tops. Of course, tlie 
wonders of rosy-fingered dawn have been celebrated in song, verso, 
and proso many timea these thousand years, but my contention is 
that when dark night roils back into the ocean around wild Kandavu 
it docs 90 in a fashion all its own. Other sunrises may be as im- 
preisaivo and as beautiful, but when viewed from the Korolcvu crater 
they have charms inherent in their environment—charms due to just 
thoAC every-day surroundings that arc tropiol life. 

What is true of the scenery, tlie flora, the fauna, and the meteor¬ 
ology of Pol>Ticaia is also tnie of its human element I am quite 
sure that while writers of Oceanic (ictiDii often draw upon their 
IniindleRS stories of pasteboard heroes and heroines for tales that 
are largely products of an excited imagination, therd are many lives 
at this moment being Jived on the islands of the South Seasthot prop¬ 
erly belong oither to a century in advance or several hundred years 
beiiind our own times. I wish I Imd the space and the permission 
to relate the intimate histories of some waifs and strays ns well aa 
of some idealists whose acquaintanco I made during my sojourn in 
central Polynesia. The objection of publishing the rreltals would 
te the raising of doubts ^ to tlieir reality, whether such individuals 
live within the realms of fset or fiction. I would sav, nothing 
any South ^ roniancer may write ia likely to transcend "the Umite 
of the possible so long as he deals with human beings. 
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of course we were mucb Lntereb-tcd iii md alwiiys on the vratch for 
a sight of ao aJbatross. The Pacific coast ia occasionally the resort 
of four homble members of the family, but not of “the bird that 
made the wind to blow,” He, the wandering aibatrosa {Diomedea 
is almoijt pure Avhite, the back showing narrow, transverse, 
wavy dark tinea, the qnills of the wing feathers being black. Somio 
writers probably exaggerate tliis bird's spread of wing^ Eidgway 
says that it is about 11 feet (from to 130 inches). The bid la 
3 'elloWj^ becoming orange at the buao. 

Many are the descriptions of the wonderful powers of flight shown 
by tliia denizen of the southern ocean. For instance, Greenbie is 
moved to use tho follow Sng language: “ But chill and melancholy as 
was that southem sea, tliere fiovered over it a creature whose call 
upon one’s interest was more than comi>ensating. Swooping with 
giant wings in careless ease, Hie albatrosses follow us day in and day 
out. /ilways on the wing, awake or asleep, in sunshine or in storm, 
the air his home as w'ater is to fish, and earth to mammal. Even the 
ship was no lure to him by way of stipport. He followed it, accepted 
whatever was Uirown him fi'om it, but us for dependence upon it— 
no such weaknes. Swift* huge, glorious, unconsciously majestic, 
he Is indeed a bird of good omen. How’ he floats with never a sign 
of elTort! How he glides atop the waves, skiuis them, yet is never 
reached by their flame-like Icapings; simulates their motion with¬ 
out the c.\liaustion into which they sink incessantly. He docs not 
gorge himself does ihe sea gull, nor is he cvoc heard to screech 
that solGah, hungry, insatiable screech. Silent, sadly voiceless, 
rliythmic, si'mbolic withoiit being I’cstraiuetl by pride of art, be ex¬ 
emplifies right livings lie Is our link between shores, the one dream 
of reality on an ocean of opiate loveliness wherein there is little of 
earth’s confusion and pain/’ 

^lajor Ije Soucf reports (/^i?iw, p. 53, li>‘22) llujt during a recent 
trip to England from Sydney D^hm^dea wa$ much in evi¬ 

dence, and was a faithful follower of the ship. As soon, however, 
as the outside temperature rose above TO degrees F, at 4 o^clocfc 
p. m. the wandering albatross invariably left the track of the ship 
and flew f^^uthward in search of cooler weather* In other words, 
Lc Soucf thinks tlmt temjjerature is an important factor in de- 
tennining the range of this bird. He calculated the flight of these 
albatrosses at from to 40 miles an hour. He also noticed that 
the Atlantic adults have more brown in their plumage than those 
he saw in the Indian Ocean, the latter pi’esenting beautiful, pure 
white wings whose silvery tones are heightened by their black tips. 
I have also noticed the effect of temperature on range (and have 
reported it in the same journal) relative to the New' Zealand 


388 AN27UAL REPilIlT SMITHSONIAN TNOTITUTION, 1^24 

(tlbalrosR (Di&m^^'.dg£tr that I rej^arcl as the bciutifulf 

altJiough it is not th& targO:^ of the albatmfi^!i 4 ^ 

Another bird 1 saw in the South Seas wa$ Phaethon ruhricaudm^ 
the red-tailed Tmpie bird, iargest c^f the giyiusp He derives his 
name from tlie bright t^rimson'red of his elongated and very at¬ 
tenuated reetrices. His mandibles arc also red, and, wlicn full 
grown, his white plumage is tinted a deep roseato lino—altogether 
a beautiful bird- I wrote from South America of my experiences 
with the yellow-billed Tropic bint {P, (called ^'Jong- 

taib'^ in Bermuda), and I was on tiptoe to see his relative ilying 
alamt Ihe southern ocean. Moreover, I hoped to 5500 a young bird, 
with the black, arrowdiead markings on its hack* I also wondered 
whether thoso barbarians who shoot tlib lovely ereaturo for the 
bright rod feathers of his tail (let us not forget those participiieA 
crimim^ who wear them) are still at their nefarious work. 

Stevenson, one of the most careful observers, several times speaks 
of the southern Tropic bird. In one instance he makes, however, a 
mistake which is quite pardonable, and which has been made by 
others, in supposing that there is but one, and not tw^o, long feathers 
in the bird^s toil—an error due to the fact that in molting the 
feathers arc renew^ed irregularly and, in {xmsequence, one feather 
frequently projects much beyond its fellow and gives the appearance 
of a aingle plume. The paragraph referred to is from ^"The Ebb 
Tide,’* page ISO: ^ * * * around and about the schooner a Tropic 
bird, white as a sno^vllake, hung and circled, and displayed, as it 
turned, the long vermilion feather in its tail." 

While climbing the long but beautifully shaded trail that zigzags 
the slopes of Mount Vaea on a pilgrimage to Stevenson’s tomb wo 
saw, sailing up and down tlie volley beneath us, a splendid red tail, 
flying directly over Vallium. Perhaps he was a descendant of one 
of tlio birds. 

Mr. D. McDonald, chief ofiltjer of the steamsldp TnhiHf who for 
years has studied tlic oceanic life of PhactA<^n rubrUaudus^ telle me 
that the^ birds come on board practicaUy always at nighty and 
when they do so it is not (or rarely) because of exhaustion or be¬ 
cause they are blow-n aboard, but because they are attracted bv one 
or other of the ship’s lights. Tiiey generally fiy directly at the lan¬ 
tern, and ore often siunpiHl by the impact. They then foil onto the 
deck and, owing partly to the confusion produced by the blow, are 
unable to Uy of! again. Mr. .McDonald does not think that the in¬ 
jury b alone respo^ible for their helplessness (that generally leads 
to their capture) ^ in addition, they seem uiiablc to get a grip on the 
smooth, often slippery, deck without which thev can not acquire the 
headway necessary for upward flight* Nor do^ he believe that, as 
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iiiay obtuiti in the case of insect^ they aro lund by tho iUuniinstcd 
lantvm ujs such, for no sva bird would ddibcratcly Inlti an 

object, especially one so visible as a night light, unless he were de¬ 
ceived as to its solidariti'. No; the fact is the bird thinks, so avers 
Mr. ^fcDonald, that the lighted area of the lantern and its imme¬ 
diate surroundings constitutes an exit into daylight beyond. We all 
know that a bird in a darkened bam or other inclosure easily dis¬ 
covers and dies through a hole or other opening that gives on tiie 
daylight. Tt is not that he is attracted by the light area of the exit, 
but he visualisics and seeks, by means of the opening, the free air of 
heaven beyond. Thus it is with certain birds at sea; they expect to 
fly through the Light and not at it. The dark or dimly-lighted 
canopy of the night represents to thorn a sort of antechamber of the 
day; the light at the masthead is one of, it may bo, many openings 
through which the great, diurnal outdoors may be reached. Pen^ri 
vaiti for the bird, you may eny, but not more vain, ia it, than the 
beliefs about the causes of daylight and darkness that were devoutly 
held by educated and polished l■aecs of mankind not so many years 
ago, I can not recollect that Gaetke or any other observer of light- 
boiuse tragedies has explained them in tbia fashion, but tiia chief 
officer’s theory sounds feasible to me. At any rate I give it for 
what it may bo worth. 

Then there is that other question in comparative psychology to 
answer; Is there, in this search for light, evidence of a superior or 
of an inferior avian intelligence} Because we know that there are 
sea' birds that follow or fly about ships who are not attracted bv 
lights in this maunor—-gulls and albatrosses, for example—probablv 
because these are not nocturnal wanderers, except ou moonlight 
nights. 

Among the many Australasian avifauna that I wag set upon see¬ 
ing in thoir native surroundings if possible, was the Ij/re lird^ 
familiar to everyone who has read about the curiosities of the 
“Lonely Continent.’* It is only the Ml-grown male that lias the 
wonderful tail—composed of 16 feathers, the two outer curved 
to form that remarkable lyre-sha[jed ornament that distinguishes 
it from any other species. The best known and the most highly 
ornamented species {Menura sttpertta) is a native of New South 
Wnles and soutJiem Queensland. It is about os largo as a small 
turkey. Tiie possession of this beautiful and wondrous tail is not, 
however, the only unusual quality that disting?iislie 3 this peculiar 
bird; he is a fine singer and peerless mimir. Just how he came 
to be included in tlic Pteudoscintt, or false song birds, is difficult to 
understand, considering that liis musicst ability has been known 
and rccogniJtcd from early Australian days. Another accomplish* 
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ment is his wflU-deve!oped powers of mimicry^ Thh additional at- 
laicmiGnt was espec I ally insisted upon by an Australian ornithologi^^ 
l^est of the l^ritish Ornithologists^ Glub^ when I was m London 
last summer. He clainied that the male Mentim is unequaled in 
this respect; and we know that many other observers have recorded 
instances of tbia rnrlous trait. One ^ntleman had a lyre bird ns 
a pot around his farm in Australia for a great many j^ears, “Tliere 
was nothing he could not imitate. Tlie following ai*e a few of his 
mimicries: The noii® of a horse and dray moving slowly, with 
the play of the wheeb in the axle boxes, chains rattling, etc.; an 
occasional ^Gee up, Bess'; the sound of a violin, piano, cornet, cross¬ 
cut saw, and so on. Ail the more frequent nois^ heard about the 
farm the bird learned to perfection, such os a pig being killed, a dog 
how ling, child crying, cries of a Hock of jiarrots, jarkfiss laughing, 
and many calls of small birds.’^ 

It was a rare privilege for me to see In company with Doctor 
IjC Souef^ director of the Sydney 25oo, and a number of other dia- 
tinguLshed omUhologists, ihi'ee of these n^markabte birds in the Na¬ 
tional Bark, exhibiting the bc«t of their mimetic and other sttmts. 
You can imagine how' luckv I was wdieii Cioiild relates that ho was 
a year in Australia without seeing one, although he heard many^ 

1 never see the name Iforfolk I^ilatid (past which we i^ilcfl) with¬ 
out recalling the image of u transplanted, but perfect example of its 
so-called pine—the beautiful Araucaria e^cefm —feet high, deli' 
cute gi'een, and ^straight as a die, that one may at any time see near 
the Hotel del Coronado. Tliis symmetrical beauty pcrfornijs the use¬ 
ful function each holiday ^season of a live, outdoor Christma-i tri>e> 
Bedight with coloretl electric lights from its spreading base to its 
conleat top, it is easily the ol>ser%'rd of all oljscrvers, and both day 
and night is a in<»st attractive objw^t. As if further to Ht the pur¬ 
pose for which it is Ijormwed, the extreme apex of the tree termi* 
nates in a sort of Maltese cross, and forma a ctjnvenieut and appro- 
pH ate anchorage for the trail itional Star of Bethlehem. It was 
Captain Cook who diacovered and christened the island—after the 
ducal family of the same name. He says of the trect “The chief 
prodm^ m a sort of spnice pine, which growri in abundance and to ei 
great sijse, many of I he trees being as thicks breast high, as tw'o men 
could fathom, sod exceeding straight and tall. It resembles Bie 
Quebec pine”—and we mind iint forget that for several years the 
captain cultivated the acquaintance iif Lower Canadian timberp 

Thera Ls, or rather was, a beautiful Norfolk Island parrot (AVs/wr 
narfohensh) of w‘hich only one bird akin remains, and a jingle draw¬ 
ing to perpetuate ita memory* 'fluis vanishing is many another 
iqieeles and race of Folynesian fauna. 
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It w as rciiiiniscerit of home to lind Oie Pacilit; god wit {Lim^sa 
lapponim biiaeri) m north New Zeololid^ I am also reminded that 
there iit least one compensution in vEsjting Austraiasia daring tiio 
“ofT season for birds; one sees some old friends in the shape of 
migrants who for reasons of their own fly aoross Lhousands of miles 
of ocean to spend the winter in that ddectable land. It niiglit be 
supposed tbttt aU birds that insist on breeding in countries with a 
snowy scaaon woiild^ after a dozen or two generations of experieneej 
seek the ncarcHt warm or moderate winter climate fnrniabing suf- 
licient food. However^ as every budding ornithologist knows, s^m^e 
do not, and [K^rlmps not even the most erudite and experienced stu¬ 
dent of bird behavior knows always why. In any event, the at¬ 
tempted stdution of this problem has added much literature to dls- 
tri button a] ornithology, and it is still coming in. Speaking again of 
god wit migriition, at the northern extremity of North Island, New 
Zealand, is tlie Bay of Spirits—so called from the Maori belief that 
the souls of the dead take their flight into the other world from this 
locality. It la an uninhabited lonely coasts the last stepping'OiF place^ 
as it were, and would appear to be appropriate for the purpose as¬ 
signed to it by a barbaric but imaginative race. There is^ however, 
another reason, probably the reason, for this tradition: also at the 
northern tip of long and narrow' New Zealand is tlie foeby plateau 
w'here the god wits iissemble in thousands for thoir annual return to 
Siberia, It must be a wonderful and awe-inspiring sight. Even the 
matter^f-fact Duller (^Lamml, p* 56) b moved to these words: 

Rising from the beach in a long lino and nmch clamor, they form 
into a broad semicircle and^ mounting high in tiie air, generally take 
a course duo north; sometimes they rise in a confused manner; and, 
after circling about at a considerable height, return to tlie beach to 
reform, a^ it were, their ranks, and then moke a fresh start on their 
distant journey. The departure from any fixed locality usuallj 
begins on almost the exact date year after year; and for a week or 
10 days after the migration has commenced fresh parties are con¬ 
stantly on the wing, the flight generally taking place about sunset, 
and fsometimea after dark/^ Docs it not seem likely that a people of 
our own Aryan stock might easily translate this truly wonder¬ 
working episode into the belief, so firmly held by most aboriginals, 
of a happy hunting ground to which journey the spirits of the dead 
when this fitful fever called life has run its course I 
Not onlj'^ is the parson bird 

or hii, as he is called by the Maoris* one of the most striking hut he 
Is also among the most interesting of the New Zealand avifauna. 
Imagine a bird about the si>:e and general appearance of our common 
tTow% generally of a nietallic bluish or greenish black, the upper 
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part of Uis neck \Tcat'ing a collar of frraj, tlireaUUke plumeg: with 
an outTvard cnriC. There ifs also a pronudent white spot nrar each 
shoulder^ and from the throat of the adult bird han^ ti-vo tufts of 
whitct curly feathers that look for nil itse world like the wrhite bimd;£! 
of an ecclesiastic. Moreover tins prominent choker*^ can readily 
be seen as the bird Hies ab^jut from tree to tree; and it is imi>os?iible 
to mistake him for any other species- In the Auckland district he 
is most likely to be found in the ^ rangesj^^ so, one fine day, accom¬ 
panied by Mr. R A. Falla, (K. A. O- U.) of Devonport, we made 
a field trip to these hilif?, where we s?aw a number of tuis, beautiful 
pied fantails {Shipidura silver eyes (Zast^rops vaeru- 

many another beauty in the tree ferns, shrubs and other 
foliaj;^; while^ flying' high in the air, was a hawk (probably 
austt^lh)^ a colony of parrotsver^' likely of the intrCKluoed Rosclla 
parakeet — and a number of othei's. We took our luncheon on the 
slope of a gulley whosse sides and iH^ttom were covered with li won* 
derful array of tree ferns, while our tablecloth was spfead on a bed 
of New ^aknxi bracken of suflicient thickness to raise it well above 
the level of our feet. Herc,^ while wo discussed our simple meal w itb 
an outdoor appetite, Falla, an esperienced ornithologist, gave the 
tui call and before long there was an answer from the depths of the 
forest. Then two birds came within plain sight, and after looking 
us over approached bo tiiat w ith nnr glasses we could study them in 
every detail, oven to the whitish line that separates the nuchal 
feathers and the white spots on the wings. 

Greenbie (The Pacific Triang!e^l921) says of the parson bird: 
^ No sound of bird in any of the many countries I have been to has 
ever filled me with greater rapture than did this. Tlicre are thous¬ 
ands of skylarks in Newr Zealand, brought from England^ but had 
Sbolley heard the tui he might have written an ode more beautiful 
even than that to the ‘^blithe he has immortalized.” 

Puller (Manual, p. 10) remarks that “Owing to its excellent 
powers of mimicry, and the facility of rearing it in confine ment, it 
ia a favorite cage bird, both witJv the natives and with the colonists. 
Although of very delicate constitutlDn, it has been known to live in 
confinement for upward of ten years. More freriuentiy, however, 
it bcrojiics the subject, after the fii^t year, to convulsive fits, under 
w'hich it ultimately Buoc'utnbs. Cleanliness, a well-regulated diet, 
and protection from estremes of temperature arc the proper safe¬ 
guards. Naturally of a sprightly disposition, it h cheerful and 
playful in C4ptivit3% incessantly flitting about in its cage and mimick¬ 
ing every Miund within hearing. It will karn to articulate sentences 
of st'veral words with cleame^ and to imitate the Larking of a do-g 
tu jierfection. The Maoris appreciated the mocking powei^ of tills 
bird and devoted much time and patience to its instrurtion.” 
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Sir. Louis Griflid, of the Auckluud Musoum, tellx me that he once 
poN^essed a tui» of whom he became Ttry fond. This interesting 
imimal not only reproduced many of the Munda he heard but re- 
Ideated a nVimber of short sentences approprlnte to various occiisions. 
He took a bath twice a day and on these occasiona invariably dipped 
liis head and white choker in the water as a first ablution.^ lie 
then farofully preened himself, drying and arranging his eoclesiastic 
insignia^ afterwards taking a plunge that involved hia whole body. 
Tlien, when the bath was fidly concluded, he would fly to his master s 
band, perch himself on it, and repeat a portion of Viis conversational 
repertoire. Twice lie escaped from the house and once ho returned. 
On the second occasion, althtnigh he remained aliout the premises 
for a day or two and answered Mr. Griftiii’s call, it was the ^ time 
of the spring running,’* and he never came back. 

The pied fantail must attract the pleased attention of every 
visitor to New Zealand, as it is to be seen almost everywhere on botli 
islands. It and its Australian cousin are among the most attractive 
of the small flycatchers. Tliey seem to be constantly on the wing, 
performing (with tail widespread) the most varied and fantastic 
evolutions in their pursuit of flics and gnats invisible to our dull 
eyes; in fact, they hold the blue ribbon for artistic gymnastics. The 
Aew Zealand bird is facile princej/s flycatcher of the world series. 

There arc many reasons why the word “ gull,” used ns a synonym 
of “dupe ” or “fool,” is a misnomer. It is difficult to understand 
how this misapplication came about. 1 have made a study of gulls 
for nmnv years, and rank them higli among the intelligent orders. 
In fact 1 regard them not only 03 tyj>es of avian grace and beauty, 
but as examples of advanced intelligence; and, in diet respect 1 
agree cordially with the views of the Finleys, who, within the past 
year, have written a paper (see The Atlantic Monthly) on this self¬ 
same subject. In my opinion and experience, gulls are by no means 
“gullible." Last suinmer we were staying for a short time at 
the Atlantic Hotel at Kewquay, England: and, while at breakfast, 
wc noticed n full-grown herring gull ily from the seashore, a few 
hundi-eds yanls aw'ay, and light on the ter rare close by the dining 
room. He was followed shortly by others and by still others until 
there were, perhaps fifty waiting about. My woiidor at this strange 
phenomenon was soon satisfied; they, had coBie for bri'akfust. 
In a few minutes one of the hotel people arrived witli a can of 
“ leftovers," and it certainly was a sight to watch the aivay of 
heads, wings, feet, and IkhIics that forthwith hid, ns by a dense 
cloud, the scattered piles of food. It was especially interesting 
to w'Btch the late arrivals, fearful of being excluded from the feast. 
They literally threw themselves, screaming, into the struggling mosg 
of white, grey, and black feathers. As the birds were perfectly 
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tiinio ttud. utiftfriud, tticrc W(i 9 a fair iifild for all, oik] I iras sure 
Jio gull flew ttivay >iVjthoiit sojiie srraji to satisfy appotito. I wos 
informed that tlie bird feeding was held every morning at the 
saitio lioiir^ and that tlie liotc) guests regarded the ceremony as one 
of the attractions of tin? place. 

More recently, in Culifomia, I began u similar praclice. and 
soon bad an expectant colony to feed on tbo sandy sbore near our 
hotel, (juite a respectable collection of western and other gulls 
gathered alwul each Uioniiiig. and wlien 1 appeared with a 
bag of “ seconds,'’ ssoinc twenty or thirty birds rose to meet me and 
circled about my heat] until I arrived at the feeding ground. Then 
we had a sort of athletic “ meet.” 

t)ne of the Hrsft cun tests was staged by throwing into their midst 
a large, hard, breakfast roll. This edible was forthwith seized by 
a gull, who, itnablo to swallow it. at once made olf, followed bv 
lialf a dozen others in search of a place of safety. The pursued and 
the piirsiions flew u Hno aerial course; the bml. with its mouth full 
of bread, often rising high in air, awoo)ied, dodgeil, and doubled, 
Finally, be bi'oke away in a much wider circle than usual, intent on 
tiring out his pursuers, liowever, all these maneuvers ended tlie 
same way, in tlie dropping of the roll, to be caught up by u second 
gull ami tJie continuatlun of the Qiglit and pursuit Eventually 
some cxiterienccd bird would giusp the breakfast dainty and fly 
dou'n the coast for half a mile or so until his pursuers abandoned 
the chase. But I noticed on tliesc occasions that the successful bird 
did not return; bis time for the subsequent half hour w'as occupied 
in soaking the hard bread preparatory to tearing it in pieces small 
enough for deglutition. Occasionally we sultetituied for the roll a 
hard-boiled egg. This much-priEcd article was imincKliatGly caught ii[) 
and jmssed from one gull to another by vigorous action until it was 
either smashed by falling on a rock or until some bird with an 
abnormally wide gullet managed to swallow it. To accompIiKb 
this latter feat w'Jiile being chased at full speed seemed no etisy 
tttiik; it is juissible that it was sometimes accomplished only by 
crusliing the egg between the mandibles of a particularly powerful 
gull. 

After a time we came to recognize individuals of tlie flock. One 
fat old bird we christened ‘‘Stjuawker.” As soon as one of us ap- 
(Kjarefl in sight this gull opened his mouth wide, emitted a scries of 
loud, hoarse cVi«, and darting at tlic other gulk in his immediate 
vicinity proceeded to nm amuck through the whole flock. Tins 
strategem, intended, one may suppose, to intimidate the other 
feeders, he rt'poated every two or three niitiiites while the feast 
liudcd. He rarely got anything to eat, however, unless food were 
thrown directly to him; lie was t» huaily engaged in squawking, air^ 
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inp liis jtiipot'tftnc'O, UDtl in wssiiiilting tliC neigliboi's tlmt tli6 other 
gulb, piuantiine, liad all the odvantape and ata all the provender. 

Of the fifty or more apecies of found all over the iverld, at 
leost thirty inhabit the Americas. It is difRciill to explain their 
complete absence from the immense OL-ean area between the Soutii 
Amcneiui Continent and Australasia. It seemed as if we liad missed 
something when, after the crowds of gulls in San Franeisoo Harbor 
and along the Pacific coast, we failed to see n single one during 
the long journey to New Zealand. I presume little of tl\e 
food the birds crave is a'lailable in the lagoons and atolls of 
Polynesia. 

Although I have studied thtise Lirds in many lands, 1 have never 
seen any of them catch fish after the manner of their coukThs, the 
terns. On one occasion 1 thought I saw a western giiU light on the 
water and pull out a fish, but of this I am liy no means certain; tlie 
bird gave me little opportunity for investigation, as he swallowed 
his cutc'h at once, without taldng wing. Moreover, the prey may 
have been a dead fish floating on or near the surface. 1 was, of 
course, fairly well acquainted with the hawking habit of our laugh¬ 
ing gull {Lvrvs (Uncilla)^ es well as the Franklin and other species, 
and have seen individuals of several of these bunting and catching 
insects and even field mice, swooping after them almost with the 
agility of sparrow hawks. In view of this lack of opportuni^, I 
was much interested in the account furnished by a writer in the con¬ 
tributor’s column of a recent Atlantic of “gulls” (probably specks 
of booby) in South America that, tmlike their northern relatives, 
dive to (1 considerable depth for fish: “ Tliew birds are very similar 
to their cousins of the north; they are, though, liss well groometi, 
and do not look os sleek and nuto as Lliuir nortbem neiglibors. The 
only noticeable dilfcrcnre is in iho shape of the wing, whlcli has a 
decided break, and not the even beautiful curve of the w'lcg that the 
northern sea gull has. From my home in Valparaiso 1 have watched 
these birds dive, and sometimes from a iteigbt of a hundred feet. It 
is a peculiar thing that they do this in flocks rather than singly. A 
most remarkable sight it is to watch—to see a hundred or more birds 
turn, as if by one accord, close their wings and dive in after the fish. 
A i>cautiful sight it is, too, to see a flock of sea gulls serenely circling 
above the waters dive, tt> cateh for a moment the flash of the white 
feathers of tJicir upturned wings in the sunlight, to see them strike 
tile water, and again to sec them hob up one by one. Of note is it 
that almost never did 1 see one return iinrew'arded.’’ 

Did you ever notice a colony of gulls sitting quietly in the open! 
If there is little or no wind, and the day is bright, they stand or lie, 
cither in a tong line or in closer formation, facing tiie sun. And, by 
the way, what a pretty sight—these smooth, well-groomed, statuesque, 
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half-white bodies^ bathed In auBshine and artiFOtU'ally posed, ob if foe 
our pleasTire and adtniration. If there is lUtle aim and no wind, 
they face in various directions; there is no uniformity in their ranks. 
If there is a high wind^ however, they turn toward the quarter 
whence it blows, probably to prevent ruffling of their feathers and 
cooling of the skin surfare. 

There must be a considerable difference between the acuity of 
vision in gulla. I am not prepared at the mouient to di^^uss this 
matter, but I have never been able to repeat an experiment I made 
some yiHirs ago on the species— L. I think—that is 

abundant on the Lake of Geneva, During e-^cursions to Ouchy and 
other rt^rls along the lake shore it was my habit to carry with me 
a bag of grapes with which to feed the gulls. Parenthetically, aU 
the gulls whose acquaintance I have made are very fond of grapes, 
I Foon found that they would liawk the fruit when thrown one by 
one into the ain I then tried to find how small an object could be 
Hten and caught in midair by these birds—to discover that the 
smalleot grape in my collection when tossed into the air was re¬ 
trieved before it reached the w^'nicr. 1 have not been able to repeat 
that little esperiment with any of our western or California gulla. 

Referring once more to the black-hcaded gulb whoae actiuaiutancc 
I cultivated at Ouchy nearly 20 years ago, they must not be mis¬ 
taken for our black-headed or laughing gull {L. Both 

arc quite common birds within their respective ranges, but the Swiss 
species is much smaller and its plumage more charged with black 
than tho American variety. Perhaps 1 was among the first of tho^ 
to whom my former teacher In the London Hospital, Sir Frederick 
Treves;, refers in bis charming book, ^"The Lake of Geneva,as 
visitors “who have so persistently fed these (black-headed) guUs 
that they are dcmoralizjsd, and will shortly bccomo, like the pigeona 
of Venire, a company of tourist-supported idlers.^^ 

As every mother knows, the color of her infantas eyes undcrgtiea 
changes, more or leas markecl, during the first year or two after 
birtli^ but these altonitioiia aro iicgligiblo when compared with the 
eyes of some birds. For example, the very pretty, and often very 
tame, little rcd-billed gull (in Now 2^alaiid, the mackerel gull) or 
LffTwa scopuimWf is bom with dark-brown, almost black eyes, and 
yet by the time It is a year old they have clmnged almost to a pure 
white. A similar alteration is noticeable in the iridic coloration of 
the larger but e^iually beautiful soutlicm black-backed gull {Lam^ 
dominkiinujf}^ tbiit ranges the wdiole Southern Hemisphere, Both 
these birdB are easily domesticated; they act sa valuable scavengers, 
and are devourera of caterpillars and other insect pests. It is inter¬ 
esting to aee them about Australoefian iiarbors and fields, doing their 
useful work, unafraid of man. 
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Th« vulgar name “bell bird” is given to many ()uU€ different 
species iti various parts of the world, but in every instance it is 
applied because of the resemblance of tlie bird's call note to the toll¬ 
ing of a belU t have already spoken about Uie representative of 
these remarkable animals found in the cortliBm parts of Soutli 
America and I was imtiirally on the look out for their Australasian 
congeners. The New Zealand bird is a honey sucker—JutAornw 
mfJanitroi —alas, fast bectiming extiru’t. Tt was this remarkable bird 
that attracted the attention of Captain Cook, On his second voyage 
while bis sliip was lying in Queen Charlotte’s Sound, the crew heard 
bird notes “ like smill bells roost e,vquisitely tuned,” On the Austra- 
lian Continent two species, one also u honey sucker. Mnnorfiiita 
mflanophrift, and another, a shrike-like bird, are called bell birds. 
Of the loruier Billler says, “ Its notes, though simple, are varieil and 
sweetly chimed, and as the bird is of eocial habits, the morning 
anthem, in which scores of the sylvan choristers perform together, 
is a concert of eccentric parts, producing a wild but pleasing melody, 
IVhcn alarmed or excited they utter a strain of notes which I can 
compare only to the sound produced by a policeman’s rattle quickly 
revolved. This cry. or the bird catcher’s imitation of it, never fails 
to attract to the spot all the bell birds within hearing.” 

One clear day I visited Q.iiarantine Island, Auckland Harbor, as 
the guest of the chief togLiieer of the harbor board, Mr. W, II. 
llatner, bimself a keen and well-informed tiatiiralist'. We foiind 
there many birds that I had no expectation of seeing, among them 
many bell birds. The ordinary song of the New Zealand siiedes re- 
serobltsa that of the parson bird, and while we sat listening to ivhat 
.seemed to me to bo a su.staincd song n discussion took place among 
the ornithologists present as lu whether tlie avian music we were 
licuring w'as that of a tui or not. A portion of the song certainly 
recalls the notes of a liell, and it has n metallic ring almut it that 
serves to distinguish the call notes of the New‘ Zealand bell bird 
from the sustained and softer song of the tui, but neitber of them 
in any respect suggests the solemn tolling of the South American 
bin!, with his single though prolongefl note. The .Australian chorus 
of performers reminds one of a chime, or of several mingled chimes, 
of small, silver-tongued bells, while the New Zealand [lerforiners 
make one think of the rendering of a musical number by minor brass 
instruments. Anthomis TTtehnura Is smaller than our robin (male, 
length, 7.5 inches; female, 6.4 inches), color generally light yellowish 
green in the case of the male bird, but this must be modiUcil by 
stating that the head is stechcolored, while the tail is brownish black, 
Tlie female is browner and Icie coniqiicuous, but both sexes are 
equally good singers^ 
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To distinguish the two Auetraiian varieties, Mafierhitut milaiw- 
phrys is called bell minor. Unlike the nearly pure white Guiana 
belt bird, Chatmutryiy^hua nivetut (of a different family), " 

beautiful golden green plumage, esoept the wings and tail, which are 
dark brown. The ovei are dark brown, the legs and feet a light 
orange. In the case of this bird the notes seemed to me a faint tin¬ 
kle, like the sound of distant sheep bells. I heard a Hock of 50 of 
these r^iniarkable birth give a ctiarmuig concert about a little lake 
20 tiiiles from Melbourne^ 

Mr. H. B. Ilacusler (Emu, vol. 22, January, m’J) has had un^-ual 
oppportunities to study the kiwi {Apteryn maiUtUi), and finiLs his 
vision, during tlie daytime at least, to be verj- poor. Chop^ uteat, 
worms, etc., placed in fmnt of these wingless, nocturnal, isew Zea¬ 
land bir<ls were apparently not perceived at all luitjl they “en 
‘^felt” by the aupei-sensitivc terminals of their long mandimes- 
Both Ibe^ articles of food, as well as tiio entrances to worm holes, 
were located by ^ tapping about w itb their closed bills. Mr. iineus^ 
ler is convinced that in gathering food and for most otlier piirp^ 
involving localization, neither sight nor smell is to any extent relied 
upon; the bird locates obiects mainly, and in many instances en¬ 
tirely, by touch. Having found the entrance to a worm hole, tlie 
kiwi enlarges it to a funnel-shaped cavity and, after grasping the 
prev, pulls steadily upon the worm until tlie latter m tired out, 
looses its hold, aud is drawn to tlie surfflcc. If alarmed, the Ap¬ 
teryx ‘‘plnvs possum,and with hill stuck into the ground hec|:« as 
still as death, its peculiar coloring making it dilGcult to sue tbo bird 
as long as it does not movi^tlie old story of protective coloration. 
From my own observatiims of this remarkable siiecies I am con¬ 
vinced that its night vision is mucli better than its diurnal, as indi¬ 
cated bv its liveliness at night and ite pronounced orangt-red 
fnndiis,'which closely resembles that of the owb and other noc¬ 
turnal species. I had several opixirtunltics of observing these biixls 
and of examining tlieir eyes in the I^ndoii Zoo. , , . 

Many writeretell us all about the Polymssinii hemnt crab, and some 
uf them speak as if lie wdo jwculiar to Oceania. iVs is well known, 
this comic and attractive animal is widely distributed over the 
earth’s surface under Lite forbidding family names of PayuridsA and 
rarapayuridua.'infired, more than one (small) species is rather com¬ 
mon along the Atlantic coast. The following is what one of our 
most rvliablu authors tells us about this creature: “Tlie hemut crab 
is the Itcst bait for lisliing in the waters of tlie South Sea islands. 
There must be several varieties. I imvo omnteil three already: Tlw 
ordinary, small brown one calldl iaA’oro, UiC huge red one found in 
deep water, and the lilack, hairy kind, whoso [jounded-up body is 
mi sort with grateil cticunut to extract the oil. This latter is tail led 
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in the old days the lo\test dfl^ of Karotonpi Hiekty wns 
kno^ by the K^iae nnmo^ meaning, I e., tlkat all their property could 
be carried on their backs. The common variety is a good deal like 
the robber crab in habits^ the natives go m far as to say that it is 
the same animal. The sisie of tlie kakara can be fudg^ by the siie 
of his shell, which may be as small as a thimbk or as large as on 
orange. His soft and muscular body curls into the spiral of the 
shell and is weenMy anchored by a Iwbt of the tail* The interior 
end reminds one of a tiny lobster; the same stalk eyes, same kgSj 
and strong claivs. Maugre his nume* he is gregarious,” 

Due day I was patiently arid vainly waiting to catch a glimpse 
of an exaMfjeratiiig lot of wild jungle fowl {near relatives of the 
ancestors of our farmyard i-cnieter and hen) that I had heard cack* 
ling and crowing in the mountain forest of Beqa (or itlwnga, aa 
the Admiralty charts prefer to spell it, so the stranger may correctly 
pronounce tlic name of tiiis geographically important island) and 
had come to rest on a trail about a thousand feet above and over- 
looking the ocean. Beneath me a little native village, whose chief 
was our host, lay scattered along a coral beach for half a mile* 
Barely visible over the edge of die cliff was the chiefs guest house 
and a small weir in which was iinprisonea a huge turtle for his 
chiefly table; turtle is tabcKi for any Fijian below the rank of BiJL 
Until the chief had, a few days previously, scut four as a pi^esenfc 
to the quadrennial cotifcrence of chiefs, the watery inclosure was 
pretty well HUod with these ugly but toothsome chelonians. Beyond 
lay the bay, and basking in the sunshine on three native boats 
ttprawled a dozen or more sailors, among them two or three Solomon 
Islanders assisting the Fijiann in a task in which the latter special- 
iKed, llie South Seas form of the far The day was so 

beautiful that I forgot all about the “wild barnyard” I had 
come iMj far to see, and gave myself up to imitating and byrnpathiK- 
lug^ with the Polynesians in and on the water below me. I imppened 
to look at the partially covered path a few yards ahead of me and 
became aware dimly that the square of earth was moving ever so 
slowly down hilL A tdearer view of thb spot revealed a well-packed 
array of shellfish of all aiKOs^ big, little, and smallest, the last less 
than half an Inch, the first t or 5> inches ac^ross. Evidently u num¬ 
ber of gastmjxKl families were on the move and headed down the 
traiL This guess proved correct 30 far as the exterior slicll was con* 
cerned, but tho live interior turned out lo l)o an upial number of 
crustaceans—n large colony of hermit crabs on the march. With a 
stick I touched several beada to see them withdrawn within the concha, 
and marveled at tlie excel lent choitre tlic.-^io creatures had made of 
properly sixed shells, how well they fitted, how nicely concealed was 
each interloping emb in his armored retreat, J^cure from outside 
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enemkfiL It is probable that, in some ini^taiices at leasts the crab 
first attacks and then eats the mollusk whose shell he afterwards 
appropriates. 

Engaged in these im c^tigatioiis, I did not notice, partly concealed 
as be%vas by the patlmde vegctatiorij a figure that made me laugh 
and continue to laugh, M this, the largest of the crabs, crawled out 
of the herbage into the cleared IraiL 1 saw that he was not garbed in 
appropriate dress. Instead of the outworn sliell afTectcd by all Ids 
companions?, he was girt about by a segment of coconut that coveml 
only part of his body, much as the conventional, undothed tiamp is 
pictured as veiling his nakedby means of a flour barrol. Indeed, 
the old crab Icsoked like u dlsraputablo drunk” as he staggeretJ 
along in his ancient, broken, and weather-beaten nut shelL It was, 
of course, no fault of hia that the see gastropods on Bequ did not 
grow large enough to furnish shelter putd to meet the exigeuciesi of 
adult ffliJiion in dreLS. However, he kept step with the moving 
ranks, the ill-dad hermit foiming the roar guard, staggering along 
until he was the only crab in sight. Then with a final wave of hia 
anteiiDa\ os if in jaunty adieu, lie rolled his Blittbhy old shell into 
the leafy debris of the forest and disappeared from my sight- 
In the harbor of Apia lay IL il. S. Laburimm of the New- Zealand 
Navy-, and just before we sailed for Tonga there was transferred to 
US from her a mote or less tame, immature, female Fre^ata 
The bird was destined to the Auckland Zoo, and the story ran that 
some officer on the warship had bought it, a captive of some months 
standing, from a native of Hull Island in the Phoenix group. He, 
or rather, if my guess should turn out to be correct, shOj soon became 
an object of couBlderable interest to the passengers. From her com- 
paratively lofty i>crch on the gunw'alo of the lifeboat that woa set 
apart ns her living room she gas^i^ with uncontern at tlie admiring 
crowd bcluw- ilany times a day she scrambled from the depths of 
the lifeboat to preen herself, especially after a shower, and to dry 
and air her immense wings in the sunshine* The ignomini¬ 

ous part of the performance was tluit it was necessary to tie the bird 
by one leg to the thwarts^ and the restraining rope embarrassed her 
efiorts to perch and spread her wings, owing to her WTak leg^ and 
her immense wings; and it certainly was a beautiful siglit to see her 
magnificent wing spread of not less tlian G feet. Tlie officer who 
had the ne^v arrival in charge ccrtaiDly did all he could to make 
Fregata comfortable, provided her w’ith a box into which she retired 
whenever she wished, gave her all the fish she could eat and all the 
water she could drink. In cleferonoe to the positive statements of 
a pasi^ngur, who proclaimed himself an authority on man-of-war 
birds, she was provided daily with a nm of sea water, that being the 
proper drink for this ocean-going fowl. As this dictum sounded 
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much liko the Aiicknt belief that parrots should never be given 
water to drink—an obsession tl^at has caused ao much iniscrj* in tJie 
psittacine worl<i“I determined to investigate it. And sooner than 
I expected the opjiortumty arrived, because shortly we had a tropi¬ 
cal downpour that thoroughly drenched the bird and her surround' 
ings. It was good to Avatch the Fregata for the half hour the storm 
lasted. She oortainly enjoyed her btitli^ spreading wide her long, 
pointed pinions to allow the cool doucLe to reach the hot skin of her 
$ides and under parts. Xqw and then slie Avotild flap her Avings to 
shake off superfluous water^ but slie did not retire to her box or make 
any other effort to avoid a full bath» But the avav in which that 
bird drank rain water! For at least 10 minutes she did nothing 
else—opening wide a capacious mouth to catch the drops that not 
only fell directly into the orifice but that ran down the sides of the 
mandibles. First she opened her beak, then pointed it aloft, as if 
trying to drink in as much of the falling Avater aa possible, and when 
slie had secured all her throat Avoiild hold made eAudent swallowing 
moA'ements. There could be no doubt that for this bird at least soft 
Avater was a desirable beverage^ and I can readily believe that in the 
up[)er air, where her folks spend most of their time, this perform- 
ant'e may go on without the necessity of resting on the waves or of 
roosting on dry land. 1 never saAv the man-o’-Avar preen herself in 
the sense that $o many other birds arc wont to do. I have an idea 
that the very large birds do not, as a rule, indiilgo in that method of 
feather cleansing. I have noticed tlie large birds of prey^ herons 
anhingast etc^, proceed^ as our Fregata did, that is,shake their Avmg>t 
and body and then sit in tlie sun and dry themselves after a torrent 
tial sliowcr bath or plunge. After this thorough wetting Fregata 
seemed content to hedd her wings semlextended, to flap them now 
and then, and to shake herself, dog-Uke, every two or three minuti:^, 
an<l then to let the warm sun do the revst. 

Every day I climbed to the bird^s retreat inA^ariably to find that she 
appeared to have made herself entirely at homo and was not at all 
alarmed by the approach of strangers* The most hostile act she 
was guiltjr of Avas to make a 5sort of grunting noise and open her 
beak at the intruder* As she was token from the nest (probably, 
that is) and tamed by a-^a^iation with a native family, the chanceii 
of becoming reconciled io captivity in a public zoo are g^wl; yet 
these birds make very poor cage birds, generally dying of home^ 
sickness, or the infections induced thereby, within a sliort time. 
Tlie feathered animat Avhoiie home is the illimitable blue aky soon 
sickens even of the largest flight aviary and. though he may be 
only a robber and live by piracy, yet he prefora death to loss of 
freedom. 
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There are few or no monkeys (or for that matter few oilier 
mammals) in eastern Polynesia. Perhaps the earlier voyagers 
from the mainland had not learned to carry them as pets, like many 
othor imtivo tribes, on their long sea cscurKions, or they did not 
survive the ejcposure incident to canoe life- In any event, it is 
not until cmo readies islands relatively near the Adatie coast— 
Borneo, New Guinea, Java, the Oe1el>e.s—that simian life becomes 
abundant. It is quite otherwise with the West Indies, where oven 
to the present day tnunkeys are to be seen in some of the Lslands- 

As every ichthyologist knows, not oil the KO-called flying fishes 
belong to the same genus or even to the same family. In one or 
other of their many forms they ai-e found all over the oceanic world. 
The true flying fish—perhaps we say true because it is the commoner 
Atlantic variety—is v^Ufan^. Following the flag (I sup* 

po!w), it is also to be seen volplauing in Hawaiiafi waters. In this 
species the pectoral fins are as long as its body. To roiuid out the 
collection of Amcrirau fliers, w'e have the largest of all the species, 
caiiforniim^ {vel cirfi/omicfu)—the great flying 

fish, 18 inches long—inhabiting the cofustal tides of California. It 
b also Etpproprlate that the ?.mjlogist who knows nio^^t about tlie-se 
piscian wonders should be David Starr Jordan, of Stanford Uni¬ 
versity, The flight mechanism and methods studied by him aud his 
former assistants, Professors Gilbert and Evermanu, are briefly as 
fallows: ^The flying fish of the ojieii sea live in schools* and ‘‘fty^ 
a distance of a few rods to an eighth of a mile, rarely rising more 
than S or 4 feet out of the water. Tlteir movements in the water are 
very rapid, and from this alone do they gain I be force that impob 
them through the sir. The apparent vibration of the pectorals in 
the air does not to any appreciable extent aid their progre^ over 
the water* On rising from the nirface thts Tnovenientu of the tail 
are continued until the whole body is out of the water* The vibrii' 
tion of the pectorals is noi u truly flying movement, but is due to 
the resistance of the air itself. In the water both vcntrals are 
folded^ w^hen in air both ijcctorab and veutniLs are spread to act 
as parachutes or wings to hold the bofly in air. When the fish begins 
lo fall, and its tall touches the water, the tail again begins to move, 
enabling it once more to resutuo flight. In full flight the fish takes 
advantage of tlie wund, turning about to fly ^vith tLfi favoring 
broosw.” 

Although I have rather carefully iratehod flyiii" fish on several 
means and tidnl rivers 1 hove never been fortunate enough to sec 
them “fly” i. c., use their lateral fins as a means of progressitm 
through the air. Once I saw a kIiooI of freshwater flying fish 100 
tulles up a tropical river, but they l»longcd lo a different gcmis, 
and perhaps order, than Ktoe^tvs. During this journey into the 
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interior of South America my foiL^ companions and I watched and 
diECUESfCd the inovcments of thess f^maUt smifiah-shaped skLuuners 
of the river surface* They did not “ fly " in the iiir so much as they 
skipped over the caljn water of ilie Potaro in a perfectly straight 
line for from 5 to 20 jard^ by a i^ulling motion of the tail* Tlie 
fore part of Lliu roimded abdomoti also rested on tlie surface and 
Boomed to furnish some support aa the fish scudded alon*?. Doctor 
Gidordj who watched many of these hsh very eritically. feela certain 
that he never saw one, on that journey* rise free of the waier and 
artnally fiy ** through the air^ like On the other hand^ 

lie believes ho has seen C^psdurus califomicus use his pectorab, like 
u huge dragon fly, as an actual propeller. He has not seen tlicm 
fly more than 100 yards and then not more than 2 or 3 feet above 
the waves. 

I have discussed this matter with many obeerverSj in [lariicular 
with an old sea captain uitercslcd in natural history who had for 
hours at a time watched flying Csh all over the world. He placed 
the limit of flight in any sficcies he had ^n at 200 yards, and the 
highest point of their trajectory at 4 feet. Ault (Geographic Maga- 
Kinc^ Ore. 1922, p. 642) agrees with Gifford in felicving that some 
of these fish or^ able to continue tlight, changing direction and going 
much fartlier than znomcnlum alone could carry thent. He claims 
tlmt the vibratinna of the wing tins have been seen frequently by 
several observers. 

Another authority, Doctor Rankin, is of opinion (Nature, Aug* 
18, 1021) that although at the licginning of their glido they may flap 
their large triangular pectorals a few times and though they vary 
the position and planes of part or the %vhole of their transport flns, 
as the soaring hawk curls and arranges his wings to take odvantage 
of a favoring wind or air ciirTentj yet it la the propulsion out of the 
water and the succeeding glide that constitute the so-caUed flight of 
the flying fish; they do not fly as birds do* The nicchanism of this 
locomotion has, as every naturalist knows, been discussed innutneiN 
able times in literature like its analogous process^ the soaring of the 
hawk or vulture. 

In Barbados I Imd an opportunity of seeing tJio flsher boys catch 
the variety tliat abounds on that island coast. They arc i\ diirk- 
baeked, trout-like species about 10 inches in length, their peotorats 
attached to the bodies like the gossamer wings of huge dragon flies. 
They also gave one the imprr^ion of a folded fan with little riidder- 
like ncce^ries. 1 saw how those flsh are caught in that particular 
part of the island. Tliey are first attracted by pieces of meat—often 
distinctly odorous—inclpsed in a wii:dcer container whicli is “jiggled’'^ 
up and down in the water from the stem of the flshemian^a boat. 
The fish thus enticed are landed by means of a dip or other net. 
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Capt. Jolin BoIJotib, master of the GoTerwuent eteanisldp Tutanaki 
fttitl a naturalist of local repute, told mo that during his tliirty year^ 
of scrviot? in the f^outh Pacific lie had made a coofiiderable study of 
flying fishesj and tJiat he Imd often seen the large flying fisli {Oypre¬ 
lum* m^tanoc^cus) rise as much os 6 feet clear of the water and 
without again touching it volplane (the captain would not say “fly’’) 
a quarter of a mile. On many occasions ho had obscn'cd them 
“bank^^ and vary their direction as often as three tiuiea on each 
occasion and as much m M^-40® during the night. 

An ofTicer of the mercantile marineu whoso powers of observation 
I regard as worthy of consideration, tells me that he has often caught 
one of tlie Pacific flying fishes on lx>ard his ship^ nud that they can fly 
to a dock even to 10 feet from tlio water level. They usually “fly’’ 
on board at night, and he thinks they are attracted by the lights of 
tlie vesseL In proof of the latter statement he points to the method 
of catching them in Polyncaiiu by means of the flare on a canoe and 
a dip net. But why does the light attract the fishi Qiiien sabel 

Having quoted some recent literature on this apparently obseura 
subject, suppose we listen to what Adrlaan van Betkel has to say 
about it. He sailed to South America from IloUand nearly 250 
years ago, and in his “Aincrican Voijages^ tells many intereating 
storiis about the flora and fauna he studied iit hb travetSu Beocntly, 
my friend, Dr. Walter Bothj of Christianburg, British Guiana, an 
author well known to students of Indian folklore, translated this 
charming Dutch work, and the follow^ing quotation b from his origi¬ 
nal manuscript, which he was good enough to presctit to the writer. 
^^As regBTtlfl the flying flsli, we saw various shoals raise themselTes in 
flight to the height of about 8 or 10 feet, and cover 50 or GO paces be¬ 
fore they fell again into tlie water to moialen Oiclr wings, and acquire 
renewed strength against the bonitos (implaeable cannibal fish that 
are always chasing the flying fish and driving tliem to seek refuge in 
aerial flights), who sometimes catch them as they fall or spring out 
of the wnter and grab them as they fly. Besides bonitos, the flying 
fish have yet another enemy, being a certain kind of bird, which 
shoots down on them os they fly out of the water to ^ve themselves 
from the bonitos. Our constable brought mo the flying fish 
which, followed by one of the said biitls near by, happened to faO 
into our ship. It was of the shape, color, and sizo of a herring, the 
l>ack a little bit thicker, and the e.vtreine front of the head roundish, 
like a sea bream, with the wings above the belly—very like a biitV’ 

For tile natiiralLst the chief attraction tliat Niuafoou in tiie Ton- 
gan group bolds is its “ Malau/^ one of the KOTcral species of Mega^ 
jiodcs that have pfciaried their reptilian habits to the extent of 
laying their eggs m the sand of the sea shore and allowing the hot 
sun to do the batching. When I wag in Nukualofa, the capital of 
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Tan^'a, I>r. C. M. Dawson, oliief of tlio medical S8n'i<» and all- 
around scientist, nftivo mo one of tlic cjjt^s of this curious hird. Tills 
specimen is of u purple-brown color, an egg twice as large as the 
ureroge lien’s egg, the bird tliut laid it being smaller tlvan the ai'erogo 
hen. The Malau resembled closely the Celebes species (J/cyffl?epAa- 
hn inafeo) described by Alfred Wallace in his “Malay Ai-chipelugo,” 
**It is,” says he, “in loose, hot, black sand that the malcos deposit 
llioir eggs* In tho montlis of AXigust and September, when ilicro 
is little or no tain, they come down in pairs front the interior to 
certain favorite spots and scratch hol^ 3 or 4 feet deep, just above 
iiigh-water mark, where the female deposits a single large egg, 
which she covers with about a foot of sand, and then returns to the 
forest* At the cnil of 10 or 12 days she comes again to ihe same 
spot to lay another egg, and each female is supposed to lay 6 or b 
eggs during the season. The male a-ssists in making tlie hole, coniing 
down and retui-ning with her. The appearance of the bird when 
walking on the beach is very handsome. The glossy black and rosy 
white of the plumage, the helmcted head, and elevated tail, Like tlmt 
of the common fowl, gives a striking character. • * * The eggs 

are so large that it is not possible for the body of the bird to coiilahi 
more than one fully developed egg at a time. After the eggs are 
flcposited in the sand they are no further cared for by the mother. 
The young birds on breaking the tiheU work their way up through 
the sand and run oil at once to the forest.” Knowlton adds to the 
foregoing (Birds of ttm World, p- 270): “That tlie nesting Habits 
of these Megapodes are ailmirably adapted to the structure and pres¬ 
ent lifo of tliD birds is beyond question; but how these habits could 
have originated in the lirst place is diliicult to undenrtand. Under 
present conditions, if the biids were roquired to incubate their eggs, 
serious dilhcultics tvould arise. With an interval of 10 or 12 days 
Itetween the laying of each egg,» jieriod of tiome two or three months 
would elapse between tho first and tlio last egg. If tlie eggs were 
left until the lost was laid, the hrst ones would be subject to climatic 
injuries as well os destruction by predatory animals; while if the 
female began incubation wltli the laying of the first egg, it would 
require her to remain sitting for three montlia, w'hich would be 
impossible. It has been suggested that these nealing habits may be 
the survival of a hobit enjoyed by a remote reptilian ancestor, but 
this is too improbable. Others think that it arose from the birds 
covering "tip and concealing their eggs, which seems not unreason¬ 
able ; yet if this is true, it is difRcult to see how they could have 
become developed to the point where the young can lly from the time 
of exit from the sliell.” 
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The parrtjts of Fiji are reriowned aoion^ ortiitliologLsts and they 
have often been described in the literature, of natural historyj even 
if they are not quite as popular aiiion^ colonial planters because of 
their love of such forbidden fruibs as bananas, coconuts, and paw- 
paws. Surely, however, aotnetliLiig can be forgiven such lovely 
creatures. Perhaps the most elaborately decomted of them all is 
the Yellow-breasted Parrot {Fyrr-kuii^psk pei'satiatits)^ 2^ ludics 
in length. He is probably much rarer than he was twenty years 
ago. I was unable to Iwato a single caged specinten among the 
hundreds of pet parrots to be found on Lht various islands, although 
T inserted a re<]ueat in the Fiji Times and Herald asking owners 
of the yellow breast to allovr me tci see tbeir j^ets. In several in¬ 
stances I discovered that this fine bird bad been caught and famed 
but had died after a caged or confined life varying from five to 
fifteen years. Their places were not filled because no young parrots 
ivere on tlie market. It is quite different with the crimson-breasted 
species from Kandnvu. Here the beautiful P^rr/mhpthi aplendem^ 
althoiigb unprotected by law' (on account of bis fruit-eating propen¬ 
sities), eaKily holds his own in spite of tJie large numbers captured 
and sold by the naiive^s to tonriat^ and others. 

Althougli not as elaborately decorated as the yellowbrcast, 7^. 
sphndens is a very attractive species, whose length is 18 to 20 
inches, with the head and all the upper surface crimson; across the 
nape a wide, deep-blue bond; buck, rump, upper-tail coverU?, and 
wings bright green; primarJes and their coverts, as well as the 
otiter secondary feathers, blue; lastly, as n striking contrast, the 
eyes are deep orange. It is a question whetber this species w as not 
at one time confined to Kandavu and w^hether the individuals found 
□n Viti T^evu, for example^ were not introduced from the former 
island. Be that as it may, wild examples am rare ouiside Kandavu- 
This one of tho four PyrrhvIapHe^ is the favorite cage bird in the 
colony, not only because of the abundant supply of young birds but 
because of its talking powers, display of affection, and intelligence, 
and because it practically never screams nor makes other disagree¬ 
able noises when in captivity. Although their rather shrill mono¬ 
tone is a common sound In the Kandavan forest, these birds seem 
to abandon loud notes when in captivity. They are fair talkers 
and whistlers, but in exhibiting these aceomplislimeDts do not make 
themselves a nuisance to the neighborhood, as do some of the other 
large parroU. 

Some years ago the Samoans were in the habit of making ex¬ 
cursions to Fiji to ahoot ^'kakas'* and other birds of bright plum¬ 
age, that they might weave the feathers into their mats. It is also 
said that they were not averse to trapping or buying live birds 
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tJiat they might pluck rcgiilEr crops of feathers from ihd im for¬ 
tunate parrotsp This cruel practice continued until the arrival in 
the colony^ as governor, of tliat sympathetic and well-known 
naturalist. Sir Everard inj Thum, who put an end to the scandah 
The large Fijian parrpts buiJt their nests m hollow trees, and gen¬ 
erally 2Q or 5K) feet from the ground. 1 discovered one nest in a 
decayed stump than 5 feet high* The central hole was 8 inches 
across and the nest was a very primitive affair, consisting only of 
the debris that had accumulated in the bottom of the e:scavatiou* 
There were three, nearly roimd, dirty-brown eggs which, when 
cleansed, became uniformly white. Tliey measured 1A ^7 f I inches. 

The other species of this interestirig genua are pocuimr to (or the 
types hail from) Ta v i un i, V an u a Tjc vu, an cl Koro, respect! vely * They 
differ from the Kandavan variety mainly in the amount of blue oyi 
the nape of the neckt it being ontmdy absent in the first mentioned 
and seen only as an inconspicuous streak In the other two. 

In about 1 per cent of the long-toiled Fijian parrots casca of 
heterochrosis occur; that-is. the red, grs^cn, aiid blue feathers in the 
birds^ plumage to a gitiater or less extent change to yellow and 
white. AUhougii this color alteration is abnormal it frequently is 
seen in |jerfectly healthy subjects of great intelligence and vivacity* 
Sloreover, the alternations often result in color combinatjozis far 
surpasiiing in attractiveness the plumage tints of the normal parrots 

The chief glory of Fiji’s avifauna undoubtedly lies in her wild 
fruit pigeons and doves, several of ivhich are found only on the 
islands of the group. The nutmeg pigeon, so called from its favorite 
diet, SE GUhi^^ra pacificut with an iridescent, wine-colored plumage 
and a remarkable stomach lined with horny spines to grind off and 
pnlpify the arillus or “mace” from the wild nutmegs on which 
lie chiefly subsists. The equally beautiful ChUi piegon, or nive, 
Jdnthoenas viihnmf fiourishes on red-hot capsicums. 

Of tlie wonderfully feathered little fruit dovea much has been 
written; indeed it is quite impossible to describe their gorgroua color¬ 
ing; they must be seen to be appreciated. Male and female are 
quite differently feathered in all the species, tiie male gulden dove 
lute&vircm} having an olive-yellow cap fringuil with 
yclIowiKh, the remainder of the body being mostly clothed in a 
covering of lovely, separated, glossy, lanc^eolated, golden fcatheT^ 
Ue lias a yeUow-green tail; while the female is greenish tiirough- 
out; indeed^ goes under the popular name of tho green dove. 

Then, there is the crimson-capped dove {Plilitwpm peromei} that 
looks white as it flics, but is really a remarkable study in dark 
purple^ bron^green and white, the first and last colors predominat¬ 
ing. This beautiful dove sports a crimson cape over his slioulders 
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and ihf! while fisathers of his broast are split at their ends^ the re¬ 
sulting points being tipped with red- The female is less elaborately 
adorned but is yet extremely attract ire. 

StiU more wonderful ip it 3 truly flamboyant attire is the far- 
fnmedi through rttre^i flame-eolaiieil or orange dove {UhT^saenii> 
’Hicior), whose flight through the forest has l?een aptly likened to 
^Hhe passage of a rocket on a dark night.” The male bird haa a 
velvety, olivc-colored cap with a bright yellow border, the rest of 
the body-ooveringi both above and beloW| being composed of closely 
applied, hair-like fratber^ of a brilliant, glossy orange-red; “flame- 
colored” describes it more accurately. The entire plumage of the 
female is rich green; ycllowdsli-grcen on the iiead and throat. I 
have never ^eeen a more impressive study ill feathered monochrome 
than is prefeented by this beautiful little dovCp FinsHy, one of the 
most attractive of these C&tnmMfomi&s is the Fijian ground dove 
{Galiic&lumba st<iiri intermediate in size and, perhaps, 

bcant}' between the stpaUer doves and the larger pigeons. Tlie gen¬ 
eral coloration of this specie^ is dark brown with bronze and purple 
reflections. He has a f^iune ” coo ” as his call note, and is still to 
be found in those localties that are free of tbei mongoose^ In Viti 
Levu some individuals still survive. They have learned to avoid 
ground feeding as much as passible, and to build on tho small 
branches of high trees to which the enemy can not climb. A notice¬ 
able character of some of these Fijian binls is their ^barking” 
notes—those of the golden dove in particular,. In the deep jungle 
one is often startled by a succession of clear or hoarse dog-like 
sounds, so familiar that if one does not know their origin they are 
readily attributed to a dog that bus strayed from hoiiie» 


mSTOKlC^U. TRADITION AND ORIENTAL RESEARCH* 


By JAHm HBJSfty IiwKdrrrji 
of Vhlca^o 


It oft^n be<!ti remarked that the outstanding trait of tlie 
untrained mind is credulity^ The ratiounlusation of man^s views 
of the world Isns been a very slow process and it is still very far 
from li completed proto^^ It has (xmimoiily been thought to liave 
begun with llie Gixots, but its origin must he sought in the Orient 
in a period long l>efore Greek civUissation had arisen« The Edwin 
Smith MedienI Papyrus, actjulred m 190G hy the New York His¬ 
torical Society I discloses tlie inductive process of scicntitic investiga¬ 
tion already in operation in the seventeenth century before Christ. 
For example, this document contains t!ic earliest occiiniiQcc of the 
word brain ” anywhere appearing in surviving records of the past. 
Thu wonl is unknown in Old Testament Hebrew, in Babylonian, 
Assyrian, or any of the ancient languages of Western Asia. The 
organ itself, tlierofotc, vi^is evidently discoverwl and tbs recogni¬ 
tion of its various functions >vas l>e^n for the first time by these 
physicians of early Egypt in the thousand years preceding the ^ven- 
teenth cctitury 11. C* The observations recorded in tlie Edwin 
i^mith ^ledical Papyrus show that its author had already observed 
that control of liie members and Iimba of the body was localEzcd in 
dJiferent sides of the brain; ond the recognition of localization of 
functions in the brain, mostly the work of modern surgeasna within 
a generation or two, had already begun in the seventeenth century 
B* C., nt a time w^ion all Europe stiU by in savagery or barbarism. 

I hold in my hand part of an original transit inslrument, made 
as stated by the mscription upon it, by no le^ a king tban Tutenkh-^ 
amon, in the fourteenth century li. C- It did not come from the 
tomb of Tutcnklinmon, but was apparently made by him foe the 
tomb of his (or his wife^s) great-grandfather, Thutmosa IV (fif¬ 
teenth cenluiy B. C.). Thia and iiiiodier such piece now at Berlin, 
are the oldest scientific Instruments of any kind now known to be 
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surviving. It iviis used for dotermining uieridimi time, especiJiUy at 
niglit, in order thiit the observer might dieii set his water elDck^ with 
its 34-liour divisions—a division of the dsj which thence passed over 
into Europe in Hellenistic times, whence it was tnumnitted to us. 

Now Herodotus reports a tradition ciirrerit in his day (liftlr cen¬ 
tury B* C.)t that the Greeks were greatly indebted to Egyptian 
knowdedge. 'fTiis tradition iifis in l*^^cent titiies l>een univarsally re¬ 
jected; but the documents submitted liere to-day may serve nt least 
to illustrate the fact that there was much truth in the tradition trans¬ 
mitted to us by nemdotus^ and that its complete rejection by classical 
prejudice is unjuidifinble. 

The fact tliat the early Eg 3 'ptinn Bcientist employed an inductive 
metlkod m far back as the seventeenth centiiiy^ B, G, does not, how¬ 
ever, mean tliat he had ctunplctoly baJiisbcd from his mind all 
belief in magic or in supernatural forces. T]iia truth has been well 
domonstrated for Inter ages by Prof. Lynn Tliurndyke in his monu- 
juentjU two volumes on the History of Magic and Esporimeiital 
i?cleuco—a work of which Americii may well be proiuh Undoubt¬ 
edly the Greek took the longest step in freeing his mind froni in¬ 
herited religious and tniditional prepositions. Using aslrononiica! 
observations undoubtedly drawn from Babylonia, Thales predicted 
a solar eclipse in 585 B. C. Astonislting as it ^mcul to the Greeks, 
there is little probability that this feat was an unprecedented 
achievciiieut. What uiiprecfaiartted, however^ was the revolu¬ 
tionary generalization whidi Thales based upon his ability to make 
such a prediction. For he banished the erratic whims of the gods 
from the skies and disceriuKj the sway of natural law throughout the 
celestial world. To tear away and fearlessly to tmniple underfoot 
beliefs and superstitions which had l^een sanctified by age-long re¬ 
ligious venemtloa demanded dauntless loyalty to bis own intelli¬ 
gence. This first supreine ciithronenient of the human mind was 
probably the greatest achievement in the career of man. 

IVe c^an pay no grenter tribute tn such Greek thinkers than to 
vecipgnisu; lliat, tilthoiigh they i/redulity to rout, they Cduiil not 
banisli it altogether. It has survived with extraordinary persist¬ 
ence tlowu to the pri>t&ent day. even appearing in the person of a dis- 
linguislu'd statcainan who once occupied high olHce in this city* • * * 

In nicxlern times it was of course the troinendnus significance of 
the dificoveries of Galileo which in^art impTcssivcIy reproclaimcd the 
supremacy of natural law and the sovereignty of the human mind 
in iliS 4 'crning thtit law. In this new home of science * wdiich we are 
now dedicating, thnre b nothing which more nobly ilhuitrates its 

* Sjitinnal AcidHnr i:irf ad«nr» Utiaaiiiff, 
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high mission than the limmittic power with which Luwries immortal 
bronze discloses the simple and dauntless Bgiiro of Galileo confront¬ 
ing theological dogma with the majestic facts of the universe. 

From Galileo’s struggle with the church to Hnslay’s debate with 
Gladstone, the heavy guns of natural science have dealt tradition 
one destructive blow after another. It has been under this d^truc- 
tivB attacic at the hands of natural science that historical criticism 
has grown up in modern times since Niebuhr. Indeed it has been no 
accident that in our own country the first serious discussion of the 
Old Testament narrativeii in Genesis and Esodus was written by 
Thomas Cottper, who was the associate of Priestley in the discovery 
nf oxygen. Cooper was Thomas Jefferson’s appointee aa first presi¬ 
dent of the new University of Virginia; but in the Virginia of 
that period the social feeling against Cooper for having availed the 
literalistic interpretation of the Old Testumwit was so strong that 
Jelferson was unable to secure his induction into office, JefFerson s 
influence, however, secured Cooper’s appointment as president of the 
University of South Carolina, where public opinion was at first not 
so strong against him as in Virginia. It is interesting to note that 
before tlve end of the twentiw, that is less than a century ago, con¬ 
servative sentiment was strong enough to bring about Cooper’s dis¬ 
missal from the university, although his personal popularity was 
Biioh tiiat he was promptly appointed to codify the lavvs of the State, 
and tlm first legal code of the State of South Carolina was edit^ by 
this gifted representative of natural science and historical criticisiu. 
The merciless eritJcal scalpel which had not spared Ilebrow tra¬ 
dition wua equally unsparing in its treatment of the cberishod clas¬ 
sical heritage from Greece and Home, The tales of Homulus and Re¬ 
mus, the Trojan War and the entire cycle of legends wliich were linked 
with it, were sliorn away. A critical attitude of universal negation 
arose, It included the whole Mediterranean and oriental world; 
Rome, Gi'sece, Hcbrew'.s, Babylonians, Assyrians, and Egyptians. 
Historical criticism would not allow that early man at the beginning 
of the age of writing had ever heard and transmitted an eclio from 
earlier ages, which, because they possessed no writing, could only 
send on their story in the form of oral traditions. This attitude of 
the historical critic may bo compared with that of an observer who 
stands on a iiiountein peak, and looking off acroi^ a distant land¬ 
scape to a dim lioriicon shrouded in mists and cloud, insists that the 
intermittent glimpses of mountain profiles which vaguely emerge 
on the far-away skyline can not correspond to any reality. In sliort„ 
without ever having been liimsdf on the ground to investigate, he 
denies the existence of the phantom mountains on the horiaon. 
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The orientalbtj if lie be something more thau a ptillologistf nmy 
be conipem] with the explorer who pushes out to Utat distant hori¬ 
zon ^ and is able lo ileterfidno on the gi^ouad whether the phantom 
mountains really esbsL Such investigation is, liowevcr, relatively 
recent and the historical critic otnild hardly anticipate that it was 
coming, lie seemed to be quite aafe in SAveeping away all early 
htiman tradition. It dealt witli a world of gods, demi-gods and 
heroes; it was dominated by the wbims and caprices of angry or 
jealous divinities, and it was filled wdth imix>5sible wonders and 
prodigies. How could o soundly critical historian accept narratives 
which sienied so manifestly impossible? We must gnmt that under 
the circumstances rejection complete and unqualided seemed the only 
safe course. 

Such crititTil negation was supreme when 50 ago arche¬ 

ology began to reveal witli stailling vividness the facte add the daily 
e^^uipment of human life in the very ages with which the rejected 
traditions dealt. In the seventies of last century the excavations of 
an untrained observer fmxn the outside disclosed an astonishing 
vision of pre-Greek civilization at Tiryns, Mycenae, and Troy. The 
incredulity with which these discoveries of Heinrich SchlieTnann 
were greeted by the classicists was higldy characteris^tic. His exca¬ 
vations recovered and exhibited to ihe increduloius eyes of the de- 
struclive critics tlic whole material iK[uipnient of daily life f i\>m the 
very age of the Tn^jan war (or wars)^ and from tlie very city Ln and 
around which that war woh waged. 

Similar revelations^ involvLag far earlier periods of time, rapidly 
disclosed the aucce^Lve stages of the human career from ii remote 
antiquity, reaching well back of the beginnings of the world as dated 
by an alleged ^"Biblical’* chronology. In dealing with the traditions 
of these earlier ages, the orientalists soon develcq>ed a similar school 
of neguLive criticism. Such traditional accounts were promptly 
thrown into the discard. Maspero's bulky history of the oriental 
iwoples, still a standard work on most rnoilem library shelves, tells 
us that Moiies, the first king of the First Dynasty of Egi'pt, was a 
purely mrthitrnl or kgeridiiry figtirep yevertlicli^ we now jkssscss 
his tomb, ami in onr collections at the rniverj?ity of Chicago we 
have a piece of lua personal omamente, a gold bar bearing his name 
in hierngtyphir—the oldest piire of instTihed jewelry iiT existence. 
Since WM thousands of prehistoric graven have been excavaicfi 
along the margin of the Kile Valley, revealing to us the successive 
stages of human ad\^ce for many centuries before the once legend- 
ar}" Menes. 

Much the same process is going on in the investigation of Baby- 
Ionian history. Even the myihiciU hero Ciilgaiticsh, the original of 
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the Eiiropoati Hercules, bids fair to emeree at last os a remoto city 
king of early Babylonia, who gaihod a reputation for his prowess in 
war till he became the typical and proverbial strong man of all ages. 

Tlio crowning disclosure in tliis unprecedented series of iin- 
axpected revelations has just come from Asia Minor. Xearly *20 
years ngo the German i^^yriologlstj Hugo Winekler, yisited the 
mounds of Bogliax (or Boghins KBi—“ Roghaz village ”) in ccnir^ 
Asia ilinor. As he walked over the ruins he kicked up with his 
boot heel several cuneiform tablets, lying practically on the surface. 
Below* were piled the clay tablet archives of the Hittite loreign 
Office, tlie earliest of wliieh had been lying here at the capital of the 
Hittito Empire since the middle of the second thousand years Iwfore 
Christ, Tlio result has been the decipherment of ancient Hittite or 
rather a whole group of Hittite dialecLs. The Great War hM inter- 
vened and since tVindfler'a death tlie progress of cjeaniiiiing this 
enormous body of archives has unavoidably been very slow. We 
owe a great debt especially to Hrosmy and Forrer for the invaluable 
disclosures which they have wrung from these dociimenta. 

One of these tablets reports a war of .'l/rfws, hin^ of Achata 
agaimt the king of Caria at about the middle of the thirteenth cen¬ 
tury, tliat is about 1250 B. C. Tiiere can be no doubt that in this 
tablet we have a contemporary reference to the cycle of Trojan 
yvanv—a reference which must be regarded as an irreproachable 
historical source, as old as the events which it records. Thus out of 
the lost oriental background of Greek history in Asia Minor comes 
a •tstUien document confirming a Greek tradition, liom in an age 
when the Greeks tliemaeivea still lacked writing. Because writing 
teaches further back in the orient by nearly three thousand years 
than it does in Greece, we are therefore able to condrm Greek tra¬ 
dition out of contemporaTy written sources. 

It has long been recognized tlmt in the early development of 
Greek civiliiiation the cities of Asia Minor took the lead, Tlialea, 
who lived in one of these cities, was an example of this early stage 
of Greek culture in Asia Minor. It is also evident that the inland 
background of oriental culture contribtUed much to this early de¬ 
velopment of Greek civilization on the western fringes of Asia, It 
is out of this newly recovered oriental background that we are 
slowly regaining tiie earlier forerunners of Grirck civilization. 

Tills conteniiiorary reference to the Trojan war is an epoch-mak¬ 
ing revelation, whiti must react powerfully upon our treatment of 
earlv Imman traditions. It at once demonstrates that such tradi¬ 
tions must not be thrown to the scrap heap, but rather carefully di¬ 
vested of gods and goddesses, prodigies and wonders, and then ex¬ 
amined for the nucleus of sober fact upon which ttie legendary ttile 
has been built up. 

2ffi!0T—^ 
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As we look back upon our earliest blstorical liorisicinj wo now know 
that the men who stood there in the gray dawn of the age of writings 
were able to hear echoes of a remoter past, transmitted in the form of 
oral tradition of which some portion was then committed to writing 
and thus survived. In our modem effort to recover and recijnstruct 
the story of man^s past career, we have thus rohabiUtated a new' 
body of sources, however c^utiom it behooves ns to he in making 
use of them- Not credulity, but historical method demands that we 
now recogniKc these traditions, or the nudeua of fact to be drawn 
from them, as a body of sourci^ now to be restored to their proper 
chronotogical position in the succession of surviving evidences which 
reveal to us the past career of man on earth. 

We are the first generation of men able to survey that career 
without a serious break. As we marshal the evidence for its suc¬ 
cessive stages, we hunmnists stand shoulder to shoulder with the 
natural scientists; for as we look backward it is the materials? and 
the methods of the gcologitit which confront us first* The geologist 
is succeeded hy the paleontologist, the anthropologist, the an thro- 
pogeographer and the aroheoioglst. It is at this point, on the 
border land between the investigations of the natural scientist and 
those of the humanist that we muat insert the^o long discarded 
echoes from an ago able to transmit only oral tradition, the true 
value of which oriental research has now interpreted to us* The 
Homeric songs of the Trojan lYar can no longer be regarde^l as ex¬ 
clusively noble literature, of purely legendary content, and in the 
presence of these earliest surviving monuments of science the Greek 
tradition of suhstantiat Egyptian contributions to knowledge must 
not be rejected as baselcisi There is every possibility that the tombs 
of Egypt may yield us further scientific treatises like this great 
Edwin Smith Sfodical Papyrus, and w'e still cherish the hope 
that the thirty-five or forty chests, boxes, and caskets still lying in 
the innermoet chainbeF of the tomb of Tuleuklumon with their 
scab unbroken, may contain written documents. 


SHAMANISM OF THE NATIVES OF SIBERIA 


I. M. 

A9*htfini Ovtdlor^ 0^ Old Arr^ntjloff}^^ VmUd NaUonal 

MiiMCum * 


[With 2 iilMteii] 

ShamaDism the nanit loos^ely given to ceitain rcligiomagic 
beliefs and practices found gencnilly in primitiYe commnnitifis in 
abich the officiating priest or fiuictionaiy ia a slmman. It docs not 
' deaigziate a specific religion^ but a t-^rlaiD religious attitude based 
on the animistic view of nature] the view that the world is pervaded 
by spiritual forces—gods and spirits^—which affect for good or ill 
human life^ and that certain persons can enter into dose relations 
with these powers and control them^ and thus bo mediators between 
man and the apiril world- In fact^ that men^ or at least some men* 
can enter into oommunication with the spiritual powers and use 
Lheni for benevolent or maleficent ends Is a universal l>elief, the 
common presupipoaition of magic ai; well as of religion. Bub more 
specifically the term Shamanism is at present applied to Iho^ semi- 
religious and semi magical procedures of the ecstatic wizards among 
the native tribes of Siberia, The Shamanism of these peoples— 
commonly called the Ural-Altaic tribes—may be considered os a 
specialized and highly elaborated form of the universal practice. 
It b there associated with a full and varied religion* polytheism 
or poly daemon ism, generally with a ^rnpreme god over all* of which 
it b an es^ntial and centml part and connected with sacrifices, 
liturgical prayers* chants^ and formulae. 

AUEA OF THK SE1AMAN[ST1C CULT 

All the peoples of northern A^ua* especially of the eastern part 
of it, the Ugro-Finns, the Tunguee* the Mongolian* and Turkish 
tribal* w'ere formerly adherents of Shamanism. But Buddhism, 
Jlnhommedanism, and* since the Ruisiinn conquest in the seventeenth 
century, Christianity (in its orthodox vermon)* have largely en¬ 
croached upon it, m that it b now in a moribund condition and 
rapidly dii^appcaring. It b at present best represented by the 
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Tungnsc wlio^ with the exception of the Manebus, are all Shaman- 
isis. It k also to some extent in flnion=^ the Burvats living 

west of Lake Baikal (those living on the east and south of that 
lake having adopted Biiddhisin in its Lamaistic form)* a few 
Tartar tribes living among the Sajan ami Altai IMoimtains (the 
so-called ^trountain Kalmiika* the Elackfore.^t Tartars, and Shores) j 
and among some Soniojed tribes. On the other hand, Shanmni^, 
in tnrDt reacted on the new faitliSh The Islatu of the Siberian 
Tartars and the J^maisni of I he Buijats is greatly inised up with 
Sha muni Stic practices, nfhile the Rtmian orthodoxy, forced upon 
the Yakuts and other native tribes of northern Siberia, forms only 
a verr thin veneer over a full-blooded Shamanism^ Indeed, old 
Rust an settlers m those far-off regions have to a high degree become 
Shamanixed-^* * 


COSMOGONV AND WOnLt> VIEW OF SHAMANISM* 


Shamanism has its root in a cosmogony and world view, which is 
substantially conimon to all Shamanists. According to these the 
w^orld consists of three siufitual realms—an upper one, a lower, and 
a middle one. Tlie upper worSd is composed of scvctitcen strata or 
heavens, and conrtitntos the realm of light, the dwelling of the f^<ls 
and good spirits who protect and preserve the weak race of man; 
the lower, composed of seven or nine strata or hells, is the realm 
of darlraciss^ Hie abode of fiends, demons, find the damned* Betw^een 
heaven and the netherworld is the surface of the earth, the habita¬ 
tion of the human, race, so that this middle realoi La under tlie intlu- 
enoe of both the realms named aboveA The cause of such a world 
order w^as the fall of man as related m the legends of creation: In 
the beginning all was water, neither earth nor heaven nor sun and 
moon existed- Then Kaira Kan^ the highest god, created first a be¬ 
ing which was like himself and called it man (HsAi), Kairn Kan 
and the man were quietly floating over the water like two black 
geese. But man was not contented with this blissful rtate, he wanted 


1 " Sbi.iauiUTn twuM ii» tw mvh a OAtvaJ pnHlucrt tbe CKpnllnentAl clICnAle wlUi ItH 
titmnn cf cold «tfd hftii, Of tih* Ttolcol dorT^iu Btid buntut (wind- fthd nidw^tCKnitBy, 
flf llw- ImiLcer afld f«ir wbjcb the luUfS wlni^nt thu.t tiot tinSj Hie l=*At«QCi-Slb9riAni 

KDd the mwa hUthJf ^ulliTaC^'d asborluiifc^ iHqt «ftmi Eruro]r^'tiDri ba.we toEnrUiimi faltEn 
unflET ibc of wrtAlil Sli*ltHitdnl(e npentllkirip, ^uvW li cutci with tha 

aaBili.D pnamfitA *h4 ortlirlMli who icttki In SltwiHA kimI -with tlte RadJilaa CwoIeh.” 
U, A, Cviii^kkA^ AhoMflluftJ Slberii. A itadj^ In wxii) Oiliita IBli 

p. KB, 


^UflinTr HtHidKod ttam WUbp^o ItAdluff, Am* Sit^rlfU^ ISSI Vel H nn i ff 

Da rit.. p. \ wqbl4 dCflife Mlt WerptiDB or ■ iV^rLd <rf MfltA 

th. urrr« Itr III* whiet llti- It; thn iiKnistriliHHi, rrntta, Ihtb ob- 

Ii*r»<d. imi Iliii. » in ra(t me. wholt. nzha innj atid -la l-.fin* ef tha 

tiilHrljiDa, »iy i* Juo In (»*rt tu Ug InflueiM or HotiiMmrdaal.m wlfh ita Mveo 
UrsTtat and atitiB Iw'l1< (tinop, iloliBin lumlnnofy vaInnK', WMblnotoh luiil t 
jsikl ef DaChJliiun with It* EtUI mOHm hqtncrouM hmTEiu tuid hcUi, ' 
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to rise liigher timn Kairii Kftii- In consHMiuenco of this presumption 
ho lost his ethereal naliito and simk into the Iwttomless water. Kaira 
Kan out of compassion inatlo man taise himself out of the depth, at 
the same tinia bidding him to bring up tlie earth out of the water 
as habitation for man sinnse he eon hi no more fly. Hut man, stil! 
rebellious, in bringing up the earth put part of it into his month in 
order to socretly create a land for Idmseif- But wlmn he cam? up 
the earth swelled in his mouth so that lie could not breathe mid 
would have choked if he had not spit it out at tlie cojnniflnd of Kaira 
Kan. The land which Kaira Kan created was even and smootli, hut 
the earth vi'hich came out from the mouth of man sprawled in all 
directions and covered wtiolc land ureas with swamp hills. Kaira 
Kun named the man Krlik and banished him into darkness where 
be became lord (iSfa») of hell. Then Kaini Kan caused to grow* 
from the earth a tree with nine branches and under each brunch 
created a man. These nine men became the ancestors of the nine 
tribes of mankind who people the earth. 

Erlik by corrupting men got them into his power. Kaira Kan 
in his anger over the wickedness and folly of mankind withdrew' to 
the uppermost of the seventeen heavens and banished Erlik to 
tlio third strattim of the suhterranean realm of darkness, Erlik, 
persisting in bis impiety, built w’ith tlie evil spirits a heaven for 
tlietuselves in imitotjon of Kaira Kan’s heaven. Hut Kaira Kan 
shattered it. The fragments of Erlik’s heaven falling upon earth, 
which till then was even and smooth, caused tlie high mountains 
and deep valleys. This time Erlik was thrust down to live forever 
in the lowest n'ortd of darkness. 

From Kaira Kan cumo an emanations the other high gods; Bai 
Ulgan, highest after Kaira, who lives in the sixteenth heaven, 
Ky Sagan, in the ninth heaven, ami Slcrgen, In the seventh heaven, 
where is also mother sun, while father moon lives in the fifth 
heaven, where is also the demijurge creator, Bai Ulgan’s two sons 
are in the third heaven. In this third heaven are also located the 
“sea of milk,” or the spring of all life, the moimtains of the gods, 
and the paradise to which go the soub of the Just and the blessed. 
The latter are mediators between the gods of heaven and their 
offspring on earth, helping them when they are in distress. 

Beneath this realm is that of earth, conceived as a com¬ 

munity of spirits, as an animate whole, at whoso navel lives Jo Kan, 
whose power is almost equal to that of Kaira Kan. Besides him 
there are high lords {Kans), seventeen in number, corresponding 
to the seventeen mountains and tho seventeen seas. Where the 
seventeen seas unite lives the Ocean Kan. There is also an Altai 
Kan, the national or folk god. All these gods and demigods are, like 
the heavenly lords, helpers of man and creative powers, but only 
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tho J<jrsu (earth) lords can be approached directly by ordinary 
men I who offer them gifts or revere them by casting a stone on a 
pile, or sing them hymns of praise, 

C\mtnii 7 to these are the dwollei^ in the nine strata of the nether¬ 
world, tho e%’il spirits with their King Erlik Kan, enemies of man 
who cndcaTor to harm him. From Erlik isgue all misfortim<s5s from 
poverty to death. He also seducer men to sin. From birth to death 
there is » struggle between the good spirits and the evil ones about 
man* At the birth of a human Wing a good spirit is sent down by Bai 
ITlgan to supply it with life from the '^sea of milk,'’ and ever after 
to remain at his right ttliouldcr, guiding him aright. But simul¬ 
taneously Erlik sends up a devil from below to stand at the left 
shoulder and mideiid him. At death the soul gue* to Erlik to be 
judged by him, and both spirits give a record of his deodsn If the 
good deeds prcflominatet the soul is dcliverefl by the good spirit from 
the realm of darkness and carried to the third heaven l if evil is 
greater than gcMid, it is dlagged tr? hell and cast into a gigantic 
L'aldron filled with boiling tar. Erlik is nevertheless called ^Father ” 
Erlik, “because all men belong to him, nxid at"the end he takes the 
lives of all.’'^ 

Now, only the earth lords can be approacbefl directly by ordinary 
tncD without an intermediary priest. Far different is it with the 
great lorda of the upper and tlie under world. They must be ap¬ 
proached through the mediation of the spirits of the dead — in case 
of the good gods through the Sanw^ the nine giiardian ancestors of 
men- But the jjower to control the aucostral and other spirits is in¬ 
herent only in certain faiiuUe& This power munifosts it^lf when 
a member of such a family is seisad with an and becomes 

inspired and in this giate is able to act tn the capacity of an inter¬ 
mediary between man and the spirii=t. 

To sum up the aliove deUncation of the world view of ShamaniKuu 
it may be said its philosophy is the personification of the forces of 
nature, tlie view of the world a-s pervaded by spiritual agencies. 
Man fdands under the inllucjiee of two opposite powers^ the power 
of light and the power of darlmesa. The first, obviously, dwells in 

^nrlUt In iP Huuir of till IIIIP4>1-EK m w4iil*T|mn In Sliuuniiili; mrUiol^ of Abiimnjci 
<Ai]Er(iiEi4lC]j^ttA} Id ZuronatirlKli tlanH^Tapsy. ftf t*o iplrha, unml 

Iii»n IbnJlIsrli Hit nuil n^Ollair hlj afti-r dn-atfe. Khji ^oms 

Id BUsd W^atwnnM^a l&m '‘Two nn^l #—ohd Kood and otkgt 

Itanj taaii u b# rptynm <t^iu lit sjTwrtrtifiLp? id bl* boraa dq fljibliijith,** iVIttrod, KluOfbalb, 
HO.' ‘"TWt iw* wlia tasmimUT miiD lertlfj m* to biji behulor/' Hnirt- 

Kab Id*. Myli^nyEinUiti ipourrf« dIm min two ancfli to Meb pn^rHkq fhrouiih 
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him. thMUf wmteh him hj llie ci>nmiuid 0l Uod-: And Saca L, 10 ; ^ 

depoE«4 tft tttSo AcrvttELt of a hiadV bf^Ai-lor talii^ ^ iccoDbi tUung oD the 

fijdst JiiiA4 ABil cutor «i IhA ^ tw allvn^h arjt a nwrfl -; tint In ibo hour «r 
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heaven, whence comes every good gift; the second power dwells m 
the source of darkness, m the bosom of the cold, dead earth. 
tween tJiese two mighty powers lies the surface of the tuirLh, which 
is kin to man and is teeming with life apprehensibie by him, 
the with its mountains and seas, which supply him vrith all 

the necessaries for the ineintenance of his physical existence. But 
the nature of the eartli is variable and changeable, offering him no 
protection against mishaps, losses, and pains. Therefore, man offers 
his liigliest reverence to the tinknowti poivers of light and darkness, 
who control Ida own destiny as also the earth and its phenomena. 
But these beings ate so mighty and their workings so incompre¬ 
hensible to him that he dares not enter into direct intercourse with 
them. For these he needs those siwcially gifted persons who have 
an understanding of the divine powers and the authority to contnil 
them for the securing of good and ai'erting of cviL 

Althougii tlie spirits of light are believed to he more powerfiU 
than those of darkness, the former need little attention because they 
are good and kind, while the evil spirits, if not appeased, would 
constantly do injuTy. It is also in human nature to accept the good 
witiiout much reflectinn, wliile tiie evil which man espcriencos and 
the misfortunes which l«!all him stand out clearly in his conscious¬ 
ness. In ronserfuenoe, the S ha monistic cult consists for the most 
part in placating and centrollmg of evil spirits. But Shaman¬ 
ism is not on that account to be termed a devil worslup, but n cult of 
spirits, or a ghost worship. The shaman is not possessed by a 
devil, but by an ancestral spirit. When thus possessed he ascends 
to heaven or descends to hell and influences the powers by the spirit 
in him. 

THE SHAilAN—N.43IE 

The word “ Shaman ” is considered by some to iw a comiption 
of tile Sanskrit Sfiramimat Pali, iortutna^ an ascetic, which, indi¬ 
cating a disciple of Buddha, becamij among the ilongoUans synony¬ 
mous with the magician. But the most acceptable explanation of 
the word is that derived from Iho Manchu gamtin^ pronounced 
shamanf the fundamental meaning of which is ** one who is excited, 
moved, raised,” thus answering to the principal characloristica of 
the shaman. The name shamait is only found among the Tunguso, 
Bur 3 ’at 3 , and Yakuts, bnt it is only among the Tudguse that it is the 
native name, the Buiyats and the .Mongols calling their shnmnn ho Or 
boe, and the female ^lanmn odegan or utygan. Among the Yakuts 
the shaman is calle<l oyum, a female shaman, vdagan^ among the 
Ustyaks, Aeiun, female, tenim. Tlie Samoyeds call their siiaman 
tadebei^ and the Altaians use the term and call the shaman's 
dealings with the spirits hamloAie^ i. e., kamdng. 
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AS N UAL REPOIIT lAN 1SSTITUTIUN, 10^4 

rmZ SHAiT^^JV^CALt* * TO OFFICE 


Id somi2: tribes the aflice of ^ shnmnD is hercditurj^^ io others n 
j>reillspo£iition to it sufliL'es. Among; the Tmiii^iise of Truiis-Boikulia 
11 would-be shrimtin declares that u departed shaman has appeared 
to him in a dream commantUn;? liiui to take his office. Among 
the Buryats and l4ipiJS the office is usually hereditary^ although 
anvone luiiy becoiiiQ a shaman or be chosen by the gods. The 
inhabitajits of the Altai district in nortliem cenLml Asia consider 
that tlie vocation of a shiumn is spoutaneously transmitted by in¬ 
heritance from parents to children, like a kiud of incubation. 
Among the Ostjuks the shaman diooge^ one of his sons^ according 
to his fitness, to be his successor. Tlie \akiits^ belieTc that bha- 
manism sci5:cs involuntarily upon the chosen individual. ^'It is 
in general no rare occurrence that Jiicn who have been striiek by 
lightning arc looked upon as chosen by the gods and ate therefore 
admitted to priestly honors. • • * Among the Buryats, if any¬ 

body is killed by Ughtning, it is held to betoken the will of tha 
godst who have thereby conferred u certain distinction upon the 
family of the dead mani ho is considered a shiiniaii^ and his nearest 
relative enjoys the right of shamanliood.^* ® The Tunguse con¬ 
sider cliiklrcn who bleed at the nose or mouth to be destined by the 
gods to the profr^ion of a shaman. 

But in any casc^ whether succeeding to the office of shaman by 
heredity or chosen by the spirits or self-choseu* the candidate usually 
exhibits psychopathic traits. He is shy, distrait and moodygiven 
to hallucinations and trances, or he is subject to epileptic fits. He 
is fond of solitude and takes to the wocmIsj jumps into fire or water, 
hurts himself with weapons, and in general betrays tho symptoms 
of on abnormal i>erson. Such abnormality i^, however, by no means 
universaL 

When once called to the office of a shaman the candidate la not 
free to accept or to decline the calk "^The power of tUe ancestors 
having poss&d into him,, be must needs shamanize. If be resists 
the will of his anccstprs he c.vposes himself to terrible tortures, end¬ 
ing either in the entire loss of his mental |»ower, becoming an im¬ 
becile, or in stark madness, which ends in suicide or death in u 
paroAism.”* In general, ‘Hhe vocation of the diaman is attended 
with considerable danger. The slightest lack of harmony between 
the acts of tho shamans and the mysterious call of their ^spirits'* 
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brinf^s their life to an and. • • • This is particular!}^ so when 
Uie shaman is slow to carry out those orders wliich ara intended to 
singJo him nut from other people. • * • Tlien; exist tmditiona 
about shamans who were carried away still livinp^ from the earth 
to the sky, about others klLled by the spirits or struck down at their 
hrst meeting with the [jow^ers wliom they flared to call 

TtlK atL^HAX—INITIATION 

As a nde candidates for the profession of a shaman have to un¬ 
dergo preparatory instruction which h imparted by some expert 
practitioner. During the time of preparation the novice has to pa^ 
through both a mental and a physical training. He is usually seg¬ 
regated and goes either to the forests and hills or otso he remains in 
the inner room the whole time. His imagination is worked upon bv 
solitude, the contemplation of the gloomy aspect of surrounding 
nature, long vigils and fasts wltli the use of narcotics, until he be¬ 
comes persuaded that hcj too, has seen the apparitions wbicU he has 
heard of from hk boyhcHid. The shanian spirits usually appear in 
the form of animals or birds- The most comnion guardian spirits 
of tlse filiaman are the wolf, the bear, the raven, the sea gull, and the 
eagle. Tlie Yakuts believe that every one of their O^ma has his 
emekhefi or guardian spiritj?, and liis bestial imago, ie-kt/la^ sent 
dovrn from above. The generally a dead ahaman, occasion- 

ally a secondary deity, always stays near tlie man it protectSL 

The novice has also to Joarn singing, dancing, ventriloquism, and 
how to boat the druxm But it is not ahvays that a preparatory in¬ 
struction is necessary. Tliere are shamans who have obtained the 
requisite powers and qualifications direct from the gods without be¬ 
ing previously instructed in the profession. 

tiik shaman—consecration 

Tiso cx>ns&cration of the candidate to hisi office is among some 
tribes accompanied by c?crtain ceremonies. Tho candidate on this 
occasion takes certain vow^ upon hiniscdf and becomes the property of 
the spirits. Among the Yakufe, an old shaman takes him to a hill 
or an open field, clothed him in shaman'a dresa, invests him with 
tambourine and drumstick, and placing hiui between nine chaste 
youths on lik right and nine chaste nmidena on his left, makes him 
promise that ho will bo faithful to the spirit who will fulfill his 
prayers. Then he telk him where tho various spirits dwoll, what 
diseases each causes, and how they may be eppeossed. Finally the 


^ CibipaickM, op. rlL. p. 1111 f. 
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MW shamRn kills thfi animal destined for sacrifice, Ins dress is sprin* 
kled witli the blood, and the flesh is eaten by tbe spectatoris,' 

Amon^ tlifi Buryats the consecration of a shaman is very elaborate 
and expensive, including purifications and ablutions, the sacrlficmfi 
of [ojinv animala, and a numerous pcrsoTiiie] of assistants and par¬ 
ticipant. lie is addressed on this occasion: " When thou art called 
to a poor man, ask little in return for thy trouble and take what is 
given. Take care of the poor, help them and pray to the gods to de¬ 
fend them against Uie power of the evil spirits. If thou art called 
by a rich man, go to him riding on a hiiUoek and do not ash much 
for your trouble. If thou art called at the same time by a poor and 
by a rich man, go first to the poor.” The candidate repeats these 
precepts after his mentor and promises to observe them.* 

UAI.E AND FEMALK PIIAMANR 

Most commonly the shaman is a moti. Tiio natives about the 
Altai mouQtalns in northern central Asia allow only men to take 
part in tlieir Bacrificial feasts so that consequently the shamans must 
be men. Female shamans are found among the Tungiiso, Ostyaks. 
Buryats, and Yakuts, and though with the lost they are regarded 
as inferior to the male shaman, yet are preferred for the cure of 
mental troubles. The Golds, on the Amur River, also have female 
shamatis, and araong the Kamchadales, on the peninsula of Kam¬ 
chatka, every old woman is looked upon os a witch and interpreter 
of dreams." 

WHtTK AND BlijtCK SHAilANS 

The Buryats distinguish between white shamans, who serve the 
good spirits (lengrU) of the west, and the black shamans, who servo 
the evil spirits of the east The former aro honored as thow who 
through (Jieir influence with the beneficent powers help and protect 
nnm; tlio latter aro feared because through the evil spirits they often 
work harm to men. For one who has such power over spirits as to 
drive them out from bodies must be able also to send them into people 
and make them ill or mad. They may also steal the souls of their 
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The Buryats also iKilieve that the ’n-hite and bkck shamiitis 
fij^ht with each other, hurling axes at one aocther from distances 
of hutidrcds of miles. The black shamans are sometlnies killed 
for tlieir eril deeds. Landtnian" adds: Facts go to prove^ how- 
overi that tho distinction between good and evil disfwsed class»ea of 
the i>riestbood is often arbitrarily drawTi^ with little or no regard 
to the means, whether reUgions or magieial, which they make us* of 
in their praotices.” 

SHAMANS IIJCAEN'ATED i^* ANtMAI-S 

It AVfls stated almve (p. 421 ) tlmt the Yakuts believe that every 
one of their shamans (c^yiiwi^) has hh em^kk^t^ or guardian spirit^ 
and his bestial image is-kyle^ sent down from above. This incama- 
tion of the slxaman in form of * beast is carefully concealed. Only 
fjiice a vearj when the snow melts and the earth becomes btack^ do 
tiie ie-kyl^s apijear among the dweilings of men. The incarnate 
souls of shamans in animal form are visible only to the eyes of 
shamans, but they wander everyw^herc^ unseen by all others. They 
often fight, and then the slianian whose ta beaten falls iU or 

dies. The weakest and most cowardly shamans are those of tbo 
canine variety; the most powerful wizards are those whoso is-kyle 
IS a stallion, an elk, a black bear^ an eagle, or the huge bull boar* 
The Samoyeda of the Tui'ukhinsk region hold that eveiy shaman 
has a familiar spirit in the shape of a boar, which lie leadj» about by 
a magic bell. On the death of the hoar, the shaman himself dies, 
and stories are told of battles betw een wizards, who send their spirite 
to fight before thpy encounter each other in person. 

DEAD SHAaiANS? 

The souls of the departed are generally believed by primitives to 
be more or less hostile and dangeruns to the living. This tho more 
so in cos* of the ghosts of wizards who were already powerful in 
life* Hence ^the Turanian tribes of northern Asi^i fear their sha¬ 
mans even tiiore when dead than when alive, for they booomo then 
a axweial dasi of spirits who arc the most hurtful of all.”^^ Among 
ihe Yakuts the shamans are thought to lie transferred after death 
Into evil spirits. The dead shamans are buried wdth great haste by 
night or at evening in a remote nook in a grove or in a forest open¬ 
ing, an(l the place is alv.ays afterwards carefully avoided* On the 

« Op. dL, tv 1T1>. 
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otli-cr haad, among tlw Oistyaks \vlii;n a sLanym tlio ordinary 
ouBtom of olfering divina lionoi'^ to the dead changes in ills favor 
into a complete and decided eanoniKatioin^'* Among the BnryaU 
soon after a sdiaman dies one of his friends falls in u tnmeo—struck 
by invisible tliimderbolt, kunched by gods~and when he recovery 
announces that the dead shaman'^ spirit baa confided to lutu the 
slK>t in which ho wishes to rest. The body b cremated and the ashes 
are placed in a hole cut in one of the largest trcea in the appointed 
part of the forest. The spot tlien bcconies sacred* - 
The grave of a black shmnan ig tjsuaJly shaded with aspens^ and 
the body is fastened to the earth with a stake taken from that tree**’ 


TOE EinAM^LN—APPEARANCE AND OUTFIT 


*^In generalt” says Siero^evski (L c., p. lQ2}t there b in the 
appearance of a shaman something peculiar^ which enabLed the 
author after some practice to distinguish him >vith great certainty 
in the midst of a number of persona. Ho is distinguished by a cer¬ 
tain energy and mobility of the muscles of the face, which generalJy 
uniong the Yakuts are immobib* Tliere b aLso in his movements a 
noticeable sprynesi^” Add to this that ths ahanmn is sometimes 
mentally abnormal, an epileptic or aftheted witli gome milder neii' 
r<^ which is aggravated by the practice of hb calling and further 
reinforced when, as h the case among some tribes^ the office is 
hereditary or runs tn families, and that priotUives cveryiThere re¬ 
gard the physically, and more so tlm mentally, abnormal ^ due to 
spirit possession. 

Besides these peculiar peisonal physical and psychical traits, dio 
shaman as mediator in dealings with (he spirit world boars during 
his functions outward signs to inspire! the people with feelings of 
mystery and awe, and to liotokeii his separatcuc£$s from tlie rest of 
the populatjofi* So the sJiaman at hb ceremonies dons a special 
dres^^ a coat (A'tj made of cloth or bearskins, hung with pieces 
of iron—rattles, ringa, and represenUtions of animabt or twisted 
handkerchiefs representing snakes. All these have a definite mean¬ 
ing and purpose and often a mystic character. The Yakut shamang 
adorn their coats with a represenUtion of die sun with holes in it 
and half moon, mdieattng ihe twilight that reigns in the spirit land! 
The mythical animak on the dresg signify the monsters in the spirit 
worM which the shaman has to combat, while the iron plates are 
to protect him agalmit the blows of malevolent spirits. The great 
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ghArnoTts arc alisO distlnqubb^ by the amayya/ Ofi thcir breast, a 
metal plate^ ustiully chopper, adorned with the fifTiire of a man. It 
represents the sbomaifs spirit pruteetor or ancestor spirit. It is 
11 partii2ular batl^ie of the shaman^i^ vocation which is given by tlie 
old shuman to the new. 

But the most important accessory of the shaman^s outfit is the 
tambourine {fuitffur or with tlie dnimstick, without which his 
conjurations have no force and his soothsaying is without validity. 
The mighty sounds of the magic drum penetrate into the world of 
spirits. (Tiiising them to submit to his wilt Besides Its power to 
call up and gather into it the spiritst it fwjn’es the shaman as a 
vehicle in his flight to lieaven or in descending into the dark realm 
of Erlik. The form of the tambourine varies with different tribes;* 
With some it is circular; with others it is oval, with its longest 
diameter of about M inches. Inside the drum, on the long side of 
the hoop, b a handle in form of a stave. Thb handle is usually in 
the crude form of a many broadening at die upper end to represent 
a head and forming at the lower end a fork resembling legs. Tliis 
handle is called the ^^host^* {tunffur aH) of the drum. Along the 
arms of the *^host”are fastened iron rattles and bells, the number 
of which is greater or less, according to the rank of the shaman, 
and corresponding with the number of spirits subject to hiin. On 
the outside the skin of the drum is decorated with figures of a 
symbolic kind, intimately connected with shamanlstic beliefs and 
mysteries (see pla. 1 and 2 ), Among the Buryats the novice is 
not permitted to acquire the drum unlil after tlie third year from hb 
con seer alien. To the paraphemalia of a Buryat shaman belong 
also two horse cut from a live birch tree in such a manner 

that the tree should not die. They represent the liorses on which 
the shaman flics to heaven. 

THE SHAMAN— Hts FUNCTIONS 

The ideal sbanmn unitea in hb person the offices of priest, healer, 
and prophet. As a priest lie officiates at communal as well os private 
sacrifices and eeromoniab. But the shaiiiun^s priestly functions are 
of secondary importance to and emanate from hb other functions. 
There are many sacrifices and ceremonies at which his participation is 
not essentiaL His connection with Eaerifice is mainly tlie fact that os 
one who knows the will of the gods or spirits and what sacrifices 
will Uj pleasing to them on any oceasion he determines their nature 
and the method of offering them* 

Sickness b according to tJie belief not only of primitive peoples 
but was also of some highly advanced in civiliimtion, as the Baby¬ 
lonians and AssjTjaJiBt duo to n malevolent spirit tliat has got mto a 
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man and must be esjjdkd. But only tlio ElintuaD, who is himself 
possessed by spirits, is fitted to deal with tlic demon in such a msii- 
ner as to brinj; about tiie recovery of the patient. The procedure 
fr«iuently takes the form of a duel between the slmrann, or rather 
the spirit he has conjured into himself, and the spirit Lliat has in¬ 
vaded the patient, in winch the latter is vanquished and expelled. 
This is perl^ps the most primitive form of osorciBuL The expulsion 
of disease demons is often aecumpanied by the use of herbs, pur^^a- 
tions, fumigations, and manipulations, which sometimes have 
remedial effects, so that the shaman is in a measure a foreruimer 
of the physician. Diseases are abso caused by the soul of a man 
having been frightened out of his body and fled away. The shaman 
pursues it wherever it has gone, even to the prison of ErJik, im<l re¬ 
stores it to tho owner. 

But it 13 tho gift of prophecy, or the art of divination, that makes 
the shaman powerful and istlio basis of Lis other functions. He has 
direct intercourse with tlie spirits and actual access to the spirit 
world, and so obtains knowledge superior to that of ordinary men. 
By virtue of this knowledge he con give directions about worship 
and sacrifice, and overcome or drive out hostile spirits. He can 
foretell the future, find out what is going on in distant places, dis¬ 
cover secrets, detect thieves, and answer all manner of questions for 
which men resort to a sootlisayer or prophet. Divination by the 
shaman may be practiced by the shoulder blade of a slicep or 
the flight of arrows. But the characteristic method of Shaman istle 
divination is the seance, or what is locally known ss 
In this the shaman by smoking, the use of other narcotics, singing, 
shouting, dancing, beating of the tanibourine, and so on, produces 
a state of trance or alternate personality. While in this state the 
spirits take poasesaion of him ami reveal their will to him or give 
him the desired information.'* 

THK SlUEni.VN SHAMAN CONTILASTED WITH THE AMEItlOAN 

medicine man 

The main aspects of the Siberian shaman's procedure, as well ns 
the idea of possession by spirits, are found to be well-nigh of uni- 
t'ersal occurrence in connection with healing, discovering tlie will of 
spiriLs or gods, or soothsaying. One may occur witlmut the others, 
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or, all are found as parts of the practice of n sorcerer* m- 

wondcr-worker- Again, the methods of the medicine man arc also 
found everywhere and largely enter into the shaman’s practices. 
But while tlio shaman^s methods are connected with the cult of 
spirit^ mi [I arc not fimdauientally magical, but rather mysticism of 
a primitive kind, seeking intimatn communion with the spirit 
w^orldt those of the medicine mm are partly mugica!^ partly em¬ 
pirical with the use of naturalistic methods of healing, and are not 
necessarily connected w ith the spirit worlds The shaman^a piwedure 
k mainly based on the fact that he Is eti rapport with spirits and can 
control them, while the medicine man generally acta by methods in 
W'hicU the aid of spirits is not essential.^* 

SHAMANISM CONTRABTE:t> WITH FETISHISM 

Fetishism, the belief tJiat materia] objects can IjetXime, by appro¬ 
priate rites and incantations* habitations of mysterious or magical 
powers, has some kinship to Shamanism. It al^ springs from ani¬ 
mism, being the e.xpreasion of the notion that the world is pervaded 
by inystcrious spiritual powers. But while in Fotklii™ the magical 
pow'cr is believed to reside in, the instrument or in particular sub¬ 
stances, or that the fetish itself k isomething supernatural a quasi- 
personified power or potency, having volition* in Shamanism the 
will-effect of the shaman is the ciUcient factor in compelling ghosts 
or spirits or gods to do his will. In Fetishism the emphasis is laid 
on the tiling, although rites and incantations may be employed in 
making tlie fetish ; in Shamanism tlie prime factor is tlie personality 
and will of the shaman, although he may employ like means. 

THE SHAi[AN IN ACTION^ 

The activity of the shaman as a priest or sacrificer, a conjurer up 
of spirits, and os a prophet is most impressively illustrated by the 
ceremonies attending the sm rifiee to Bai UIgan, who dwells in the 
sixteenth heaven, and is next in rank to Kaira Kan, the highest god* 
It is somrlhing like a mystery' play or religions dninia in which the 
shimian as conjurer of the spirits is the actor. The procedure of this 
i^crifirc and the ceremontos, conjurations, and incantations accom¬ 
panying it are very elaborate and are distributed over three evenings. 

On the first evcfiing the shaman selects a spot in a birch thicket and 
there places a iiew' ornamented ywrfrt (tent). In the yiirta a young 
bireli tree with the lower branches lopped h set up; on one of the 

^Cdcnr. ml» Vitva, I. p. 12: “A* a»mpariihl irtUi thdr TVpmeEitiiUv€ai In olhea- 
ptitiw or t±u? worM. tho nEuinuA in Aju^ricq t* p!ww, both la ttuHr u^klnfl qihl Ia 

their whoFo irtJBfact^rp leu i^llflcjoi! on thr the oPcwtral tolrlhi, than ijo nf 

oUicr i^^ons - « « il^^vltijr bib paw^r^ Troni qnlniqli and luturMl 

ubiidced fretn OaOloff, opL dt., p. B1 t.. qiiA MlkbaUQT^Ii^ 1, 0 ^ pp, 74^78, 




428 AKJKTTrAL REPORT ^MlMLSOSlAK IKSTITTTTIONj im 

upper bmndios a fisig is hung. At flic Inittom of the tree nine steps 
are cut wiLh an ax. Hound the yurta a penfold ia made. 
Opposite the door of the yurta is tlie entrance from the courtyard 
and near this entrance a birch pole with a noose of horsehair is set 
up, Tlien a liorso agi'cenble to tlie deity is chosen,, TitIucIi is held by 
a person chosen from tho^ present and >vho is cnllecl “holder of the 
head”— khki. Tlie shaman w^av® a birch twig OTcr the 
horso^s back, thus driving its soul to Dlgnn, accompanied by the liold- 
er^s soulj invoking the spirits to come and assist in the action of the 
sacrificing^ The agseiobling of the spirits in tJie tambourine takes 
place with great solemnity. The shaman summons each spirit 
aratclv, who answersj “Here I am JCam,” Rt ibe same time moving 
the tamiiouriiie as if taking the spirit into it, IVIien lie has asst'Otbled 
these spirit fussistantST the diaman goes outside tlie yurta, sits clown 
on a sr.acecrow in form of a goose stuffed with bay and covered with 
cloth, and moving both arms rapidly like wings^ sings in a loud 
voice: 

Below itie white alfyp 
Aha^e the wliJte eland; 

Bellow the blue 
Above the blue cloaO— 

Muuiit a hind to the 

The goose replies hy quacking: *■ Ungai gnk gak^ ungai gak, kaigai 
gak, kaigai gak.” Tlie shaman himself* of course, does this imitation 
of the gooseys quacking, as he also answers for the spirits* On this 
feathered stoed the shaman pursues the soul {pura} of the horse, 
imitating the horse’s neighing* Finally, with the aid of the specta¬ 
tors, he drives the horse to the birch pole with the noose which repre¬ 
sents the guardian of the iinimars souh After much straining and 
drawing, to represent the breaking away and the recapturing of the 
puraj the shaman inecuses the animal with juniper, blesses it, and, 
with the aid of some of the bystanders kills it in a most baTbarous 
and cruel manner. The dead animal is skinned and cut up in a very 
elaborate manner so that bones are not broken or damaged in any 
way. The flesh is cooked in caldrons and then laid out on birch 
branches. The shaman first takes part of it in a wooden dish and 
oUera it to the ancestral and the protecting spirits of the yurta* Part 
of this offering the ithaman distributes among the members of the 
family and thcir relatives. The best part b presented to the 
shaman; the remainder la distributed among the guests. The bones 
arc preserved as conseerated to the gods* 

The most important part of the performance takes place on the 
$eoond evening, when the shaman’s journey to Ba! Ulgan in heaven 
is enacted* The shaman invokes with rhythmical chants the various 
spirits, the lords of the tambourine, tlie mother of the fire, the seven- 
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teen lords of the jersu.T Merkyut^ the bin] of he^iverit and offers 
them a libation^ Then he incenses with juniper nine pirnicnt^ liting 
on A tope and oiFers them with a son^ on behalf of the licad of the 
house to Bai As the spirits arc gathered the slieman bests 

the tambourine iiiorc londlVi He circles several times the bircb treo 
in the yurt a, tlu-n ho kneeb in front of the door and asks the ima^I- 
naiw i>orter spirit to grant him a ^uido. By touching the members 
of the family with the dmni on their chests and with the drumstick 
their backs—the seat of ilie 53ouI“he purifies and liberates them from 
all evih and by putting the tambourine close to the liost's ears and 
striking it he drives into him the spirit and power of his protecting 
Biicestors, At last l^egins the ascent to bEavrn, Jumping; sliotiting 
with symbolical toovemeni^. accompanied by wild gestureSj the slia- 
man passes into ecstasy. Then he suddenly places hiuiself on tlje 
first step cut out in the trunk of the birch tree^ raising the tambourine 
and thumping it with aU his might. He is rising to the sky. From 
heaven to heaven he passes, riding on the goose, accouipanjdng the 
ascent by songs and incantations and brating of the drum in Tsrb 
oils temijos and scales, modulating and dianging his voice in imita¬ 
tion of the supposed anwerers. At each stage he tells the audience 
what he has seen and heard. And finally having reached the ninth 
or even the twelfth heaven^ he addresses a humble pniycr to Bai 
Ulgan and lennis whether the sacrifice is accepted and receives in¬ 
fo ruiatlon concerning tha comitig weather^ the harvest, sickness oi- 
other misfortuncsj as well as the sacrifices which ivill be required in 
the near future. After this intervievY with LUgan the ecstasy or 
delirium of the shaman readies its climax^ he collapses and lies 
motionless. After a while he gradually rouses himself^ ruba his eyes 
and greets those present as if after a long absence. 

The third night h spent m libations and feasting; during which 
enormous quantities of koumiss and stmng drinks are consumed, 

TItK PLMlIFICATIOM OP A l UHTA"* 

The liighest art of the shaman is brought into pky in the so- 
called purification of a yurta. Tliis takes place on the foi"licth day 
after the death of a member of the family. Only few shamans 
lire cum|>etent to carry nut this conjuration in a suecc^^ful manner; 
rich people, therefoi^ej mil on n widely famous shamnn for the 
pcrforiTsance of this ser^dcC; who ia then richly rewarded. The 
purification is usually performed with the aid of Yar 3 dk Kauj to 
whom the sacrifice is made for this assist^mce, Amirding to the 
belief of the Altaians (sharccl by inan_v other peoples) the soul of 
the dead remains for some time in the yurta and La reluctant to 
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depart tti the realm of the dead unless m company of other members 
of the limiseholdi or at least of some cattle^ YaryLkj being the 
JuTSu prince of th& sens, is beat able, by drisnng Tffjitarfloflds^ 
to force tbe return of the abducted soub end to drive the soul of 
the departed to the uetlierworld. 

The helief of the noxious influence of the soul of the dead lias 
its basis in tlie close family relationship between the dead end the 
surviving tneuiherB, ’which may bo considered as the basis of the 
shamanistic theory and practice. Another cause of this belief 
is the freijuency of epidemics, which, with the lack of sanitary pre¬ 
cautions and medical help among the Altaic peoples, are often 
frighlfullj devastating and which tiio people charge to the hostility 
of the ghosts. 

Doctor KadlofT had the opportunity to attend such a punh- 
cation in July, 1860, on the Kengi Lake. In the yurte after sunset 
were about twenty persons, relatives and neighbors, assembled. It 
was to be a purification after the death of the housewife. The 
guests present were (juite unconcerned, chatting and smoking. 
When dusk descended there w’as heard from a distance the dull 
sounds of the shatuan’s drum. By and by the shaman entered the 
yurta, his chant and beating of the drum gradually softened, pass¬ 
ing into a sort of whining and whispering. He lidd a dialogue 
with the soul of the deceased, who piteously implored him to let 
her stay in the yurta with her children. But the shaman aierci- 
lessJy pressts the soul by the power of the drum, which is fllled 
with mighty spirits, until at lost he catclies it between the drum 
and the drimistick and pre-^ses it to earth. By changing the modu¬ 
lation of his song and of beating the drum he indicates that he 
has brought the soul to the netherworld. There a dialogue is 
started with tlie preceding relatives to whom lie has brought tlie 
soul of the lately deceased. They decline to accept her. The 
sliaman regales them with vodka, which puts them into a hilarious 
humor. They sing and are merry, and thus the shanian succeeds 
in smuggling in the new soul. 

When Ihe shaman calls in the aid of Yaiyik the merry scene 
in the netherworld is suddenly interrupted through the inrush ing of 
the flood. The souls cry for help, irhine and lament, and the cattle 
iind soub of relatives, which the deceased took along, are driven 
bwk home. Tlie shaman imitates the rushing of the 'waves and 
roaring of the pressing ’water, Sometimes the shanian does not 
succeed in smuggling in the new soul, or the soul escapes and returns 
to the yurta. Tlien tho scene begins anew. 

Returning from Hheol to tlie upper world, the shiunan fell into 
a frenzy, ringing and dancing wildly until he collapsed. 
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Rad [off describes tho mighty impressioii which this wild scene 
produced on him and the other guests who were all ahaieji and 
dumbstruck. 

Radloff adds: “The ottering of the sacrifice and purification of 
the ynrta are the proper pries^tly functions of the shaman. In them 
he has to develop his oritirc art^ and ho is the right shamun who 
understands how to arouse the fear and confidence of his audience^ 
iio tliat they believe that his predictions are true oracles by which 
the gods try to console and uptight them. Other action^ of the 
shaman are without importance, Pronoimciug blessings and thanks¬ 
giving otlicr mortals can dOj as also the performing of libations 
to the Weather making and soothsaying arc likewise not 

C 7 telusive prerogatli^ca of the shaman. At birth, marriagCi and 
funerals the sliaman has no sharej unless these events arc accom¬ 
panied by unfavorable oiuenSj when he is called to avert them by 
coujuration and exorcism*’^ 

TEI^ SHAMAN—Elis INFLCJENCE 

The shaman as mediator between men and spirit®, uniting in 
hiEUself tho many functions described above, enjoys great 
among the people. But he is more feared than loved* His peculiar 
dross, his wild and convulsive antiea^ the sound of the tambourine^ 
all lead to powerfully affect the nerves of an unsophisticated peoptq 
and to strike tetror into their hearts. There is also a general 
craving in man for the mysterious and for spiritual assistance in 
the adversittes and misfortunes of human life which the shaman 
is believed to satisfy. ITiero m a certain artistry in the sharnanistm 
practice* “Observation justifies tho division of shamans into great, 
middling, and petty* Some of them disposo of light and darkness 
in such a masterly manner, also of silence and incantation; the 
mrxlulation of the voice is so flexible^ the gestures so peculiar and 
expressive, the blows of the drum and tho tone of iheni correspond 
so well to the moment, and all is intertwined wJth such an original 
series of unox|jected words, wdtty observatione, artistic and often 
elegant metaphorB, that involuntarily you give yourself up to the 
charm of watching thU wild and free evocation of a wild and free 
spirit.’* ** 

Tlie shaman is often a man of iinuoual intelligence and mental re¬ 
sources; ho [los a profound knowltsdgo of the simple life of hb 
neighbors and gradually acquires the habit of solving their per¬ 
plexities by a logic of his own peculiar talent, and in many casc^ tho 
rite jMirfoniied is to bring about a result which, like rain or sun- 
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nhine, is tc^ linpp^n, sooTier or later anyway, and by shrewd 

tnrnm^ to account of arcidoot^ lie nulJlagf^3 to assert and maintain bis 
ascendency. Ob^ioujily, it can not be otherwise that many of the 
ilivinatioos and predictions of tlic shaman are belied the results, 
blit with childlike cmlulous peoples one successful instance candies 
them to ignore or forget all prerions failures and deceptions* 

Still the shamana could liarclly, for any length of time, keep up 
the belief in their siiperiority ^vithout convincing the people by 
miradcs Umt it?, by executing feats whidi eseecd the power of 
the laity to perform or to understand—of their aupernatuml endow- 
luenL'i, ^ind, as n matter of fact, according to the testimony of 
travelers and explorers, some shamans are past niaslers in the arhs 
of ventriloquism mid sleight-of-iiand tricks. Thug Bogoras ^ays: 
'"Shamans could, with credit to themselves, carry on a contest with 
the he^st praetionors of similar arts in civilizetl countries. The voices 
ere sucsccssfiil imitations of different sounds; human, superhuman, 
animal, even of tempests and winds, or of an echo, and come from 
all sides of the room, from without, above, and from under- 

ground. The whole of nature may ^metlmea be represented in the 
small Inner room of the Chukchee.^^^ 

*‘The shamana of the Oatialof,'’ say a Landtman, ^Vstrengthen their 
reputation not infrequently by delusive demonstrations of their in¬ 
vulnerability, stabbing themsehes with knives in different parts of 
the body. For the same purpose ihe sJiamans of certaia Tartar 
tribes throw themselves into the lire and Beiaie live coals with their 
handH.^^"^ ^On another occasion,^ relates Jochehion, ''^the shaman 
took his knife, which vtm sharp and looked like a dagger, and thrust 
it into his breast np to die bilt, while emitting a rattling sound from 
his throat. I noticed, however, that after cutting his jacket ho 
turned the knife downwanL He drew out the knife with the same 
rattling in his throat aiitl resumed heating the drum • ♦ • and 

returnLng the knife to him showed through the hole in his coat tlie 
blood on his body. Of course, these spots had been made before.” 
iTochelson adds: “How'ever^ this can ^^^t ba looked upon as mero 
deception. Tilings visible mid imagiuary are confounded to such 
an extent in prituitire consciousness that the shaman himself may 
have ihoiight that there w'as, invisible to others, a real gash in his 
body os has been demanded by the spirits.'* “ Czaplicka remarks 
(p. 233): ^ The practice of stabbing oneself through the stomach 
w'itli a knife k universal In Slmnmciistic performances * • *. It 

■ Qnoli’^ Id CstipUA^, op- dt., p. 231 1 comp, lIw W. The KwTik* p. 40 , 
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would 1)0 difGcult to descnbc all ttio tricks porfonucd by shamans: 
Some of the comuioaost are the swallowing of burning coaLs, setting 
oneself free from a cord by which one is bound, etc.’^ There is also 
nothing new about the pranks of the spirits in our spiritualistic 
seances: ‘‘Sometimes the spirits are mischievous. In the movable 
tonts of the reindeer people an invisible hand will sometimes turn 
everything ujiside down and throw difTerent objects about, such as 
taiow, pieces of ice * • *. The audience is strictly forbidden to 

make any attempts whatever to touch the ^spirits 

THE SOAilAK—ms JtENTAL ATTITUDE 

The question is: la the shaman himself convinced of the power of 
his conjurations or is he a play actor, playing a comedy before the 
superstitious people i In general and a priori it may be said that 
the rise of so complex a pheuoiiietion as sbamaniam can not be 
explained by mm trickery and deception. Only a profound belief 
in their calling could create tlie conviction in the people of the 
miraculous power of the sliamans and endow them with the enor¬ 
mous influence which they enjoy among the Siberian tribes. ** Vou 
can not fool all the jxioplc all the time,” hua its application also 
in this case. The fact that the shaman employs external devices and 
ailifices to impress or even to deceii'c the s^icctators does not ex¬ 
clude the possibility of his earnest belief that he has intercourse 
with tho spirits, is inspired by them and possesses mysterious power. 
It is the luianimmis opinion of investigators and observers of the 
practices and psychology of wijiards everywhere that truth and 
fiction are closely combined and inseparably blended into one whole 
in this phenomenon. iTuat the intense conviction that tlio spirits 
speak and work through him may prompt the wiaard to use external 
accessories anti to change m gocnl faith the tones of his voice to 
assist the work of the spirit and to suit its utterance, N'othing is 
more suiierficial,” says Itcville, ' than the opinion of those who 
see in the sorcerer of the uncivilized Jicoples only a oharletan and a 
juggler. Without doubt he is strongly driven to the proneness 
in which charlatanism is not long in becoming in some manner fatal 
But in reality, not only do all others around him believe in Ids 
superior powers, but he biniEielf helieiies in them, because the states 
of hallucination, of ecstasies and mental overexcitement, which arc 
not simulated, have for him as for others the only explanation in 
the assumption of his intimate intercourse with the invisible spirit,””' 
Among the Yakuts, Sicroshevski says, “Some shamans are as pas- 
sionatoly devoted to their calling as drunkards to drink. One of 
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them had scverea l times been condemned (by the Kussiattautbonties^ 

to puuishmieat, his pro less! onai drum and dress had been burned, 
his hair had been cut off, and he had been compelled to make a 
number of obeisances and to fast. He remarked; ‘We do not rari’)' 
on thb caUini? without paying for it. Oim masters (the spirits) 
keep a xcalous watch oi^r ua, end woe betide «s afterwards if vfe 
do not satisfy them; but we can not quit it; we can not cease to prac¬ 
tice shaman rites. Yet we do no evil.”^** 

On the whole, it may be said tliat shamanism includes a truly 
religious dement inasmuch as U confirms the thought that de- 
[lends on spiritiial forces, and one may agree with Radloff that it 
“certainly promotes and sustains certain ethical endeavors, 
if it was not once “ the common cult of all the Turanian peoples^ or 
even the **Tcry earliest religion of tlie world,” aa some are inclined 
to think, it seems certain to be a phenomenon of great antiquity and 
of relative primitiveness* 
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EGYPT AS A FIELD FOR ANTHROPOLOGICAL R& 

SEARCH * 


By P&oiiKpDii P. E. NEWBERRY, il.A., ORE- 


When 1 receit'tfd the honor of nti mritatton to jireside nt tho An- 
thropolofpcal Section of the liritish Association my thoughts nat- 
uraUv turned to the subjwt of the presidential address, which, if 
I Hcoepted tJie inYitation, it would be my duty to prepare. On 
Itoking back over the addresses of past presidents of this scetton 
since its institution in 1884 I found that no one had dealt with 
Efiypt as a field for iinthropological resoarcli. It was because of 
tilts that I decided to accept the councirs invitation, and I am here 
to-day to bring before your notice some facts regarding the civiliza¬ 
tion of the country with which I have long been associated, and in 
which I have spent many years of my life. 

In 1897, when the British Association last met in this great city 
on the Mersej-side, Sir Arthur Evans occupied tlio presidential 
chair of this section, and the subject of his address was “The 
Eastern Question in Anthropology." Surveying the early history of 
civilization ns far as it was then known, he insisted that the ade¬ 
quate recognition of the Eastern background was essential to the 
right understanding of the .Egean, He laid ‘stress on the part 
w'hich Crete had played in the first emancipation of the European 
genius, and pointed out that in Crete, far earlier than elsewhere, 
can be traced the vestiges of primeval Intercourse with the Nile 
Valley. Nineteen years later, years that were extraordinarily pro¬ 
lific in archeological discovery in every part of the Near Eak, Sir 
Arthur occupied the presidential chair of the British Association 
at Newcastle. He then addressed ua on “New archeological lights 
on the origins of civilization in Europe.” Referring to bis epoch- 
making discoveries in Crete be said, “ It is interesting to note that 
tho first quickening impulise came to Crete from the Egyptian and 
not from the Oriental side 5 tlie Eastern factor in it is of com]jara- 
tiveiy late appearanoe,” By that time Sir Arthur’s researches had 

> AddmiB by tbe jiroaldntt of AntbroiwlOslcnJ ScctlOli Bt Ibu Bri tUb *—- f-ti,,., 

ti® AdvnncfiDciiC of Sc[«dcc at Hip niiDiut la LlTerpoot, IPKI. Bpprldblcsd bj ppr- 

mLnii>vU frtM l!i« J'POMtitfliteM of |l|p Aji«Oclal Ioil 





436 


ILEPORT SSflTHSO^fL^J* UTIOl?, I02i 


let! ULm to tlte ^^cicfioito conclusion that cultural influcncfts wena 
already reaching!: Greta from beyond the Libyan Sea, before the be- 
ginninif of the Egyptian Dynasties*” He fucllier said ^tbo impres- 
Rion of a very active agency indeed is so strong that tlie possibility 
of soiae actual immigration into the island of the older Egyptian 
element due to the conquests of the first Pliaraobs^ can not be 
excluded.'^ 

I propose to-day to deal with &«jmo of the questions njlating to the 
origins of the Egyptian oiviU/jition, and mcidentally shaU touch 
upon this Cretan problem. At the end of my address I shall very 
briefly refer to the much neglected modern Egyptians^ and to the 
need there is to study them. Much has been written during tbe last 
30 years about iha origins of the Egyptian civilization, but theno 
are soiiio facts w^hicb I think have either escaped notice or bavo not 
been duly considered^ and there others upon whieli|in my opinion, 
Insufficient stress baa been laid^ 1 am not going to deal with tbe 
physical characterisiticii of Uie people, for that is not my province. 
I shall confine myself to certain inferences that I believe can be 
drawn from the mnnunients of predynastic and dynastic times. 

It ia generally agreed that the habits, inodes of life, and occupa- 
tiDQS of all communities are immediately dej^endent upon the fea¬ 
tures and products of the land in wluch they dwcIL Any inquiry 
into Egyptian origins ought, therefore, to begin with the question, 
’VVliat were the physical conditions that prevailed in tho Lower Nile 
Valley immediately preceding and during the rise of its civiliza¬ 
tion i Until this question is answered T do not think that we arc in 
a jiosition to deal with such important problems as, e* agriculture, 
architecture, shipbuilding, tool-making, or weaving. The first thing 
that we ought Lo know is what were the kinds of trees, plants, and 
animals that were to be found in Egi^pt in the wild state, and what 
was the economic value of the indigenous flora and fauna. tVe 
ought, in faett to know what the country wa^ tike in prc-agricultural 
days. If there w^as no timber in the countrj', Lken it may, I think, 
bo confidently sfaid Ibat the art of the carpenter did not originate 
in Eg^qitj that the architectural styles luunded on wood construc¬ 
tion could not have arisen there; that the art of sliipbuilding {at 
ail evtints of building ships of wood) did not originate therc^ Simi¬ 
larly, if there were no incetise-boaritig trees or shrubs in tbe country, 
it h dilficult to imagine tliat the ceremonial use of incense arose 
thercn Again, tlu' art of weaving prcsuppo*fl3a the prcMmcc of sheep 
or goats for wool, or of tins for linen thri^ad. All these kinds of 
probkins <lepend upon the natural products of a country, op they 
did so depend in tbe early days of civilization. 

We are avciistomcfl to regard Egypt as a paradise, as the most 
fertile country in the world, where, if wc but scratch tlie soil and 
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scatter ^edt ^ve have only to await and j?athpr the Imrve^. The 
Greeks spoke of K^fypt as the most lit place for the first p^nerations 
tif men, for therc^ tliey saiJ^ fooi] was always? ready at hand, and it 
took no Iftinir to ijecwre an abundant supply. But there Can be no 
doubt that tJie E^^pt of to-day is a very diilerent place from the 
of pr^-!i;^ic 111 turn J times. There has l>een a g^reat but 
gradual change in the physical condition of the whole country. In 
the mortuary chapels of tombs of the Old and Middle KingdomHj 
Eis well as in many of the Empire, are scenes of papyrus swampai and 
rcod marslies: in tiiese swamps and marshes ai-e figured the niiitnals 
and birds that then frequented them. Among the HiiimaJs are 
the hippopotamus and tlic wild boar, the crocodile^ tlie ibis, and a 
great variety <jpf water fowl These animals, and some of the birds* * 
liave now disapjieared from the reiidon north of the Fir^st Cataract. 
Only very recently has the crocodile become extinct north of Aswkn. 
It was stili occasionally ^Hin m the Delta as late as the mitldle of the 
eighteenth century, and it was fairly plentiful in Upper Egypt up 
to the middle of the nineteenth century, but it is now rarely, if ever, 
seen north of Wadi Haifa, It is the i^ame with the hippojmtnmus. 
In the tw'elfth century this maimnal still frequenterl the Damietta 
branch of the Xik, and two specimens wei*e actually killed near 
Damietta hy an Italian surgeon in the year IfiOO.^ In the Dongola 
Province of Xubia it w^as very common at the beginning of last cen¬ 
tury, and Bm^khardt states tiiat ia w as then a terrible plapme there 
on account of it^ voracity. In ISIS several hippopotami passed the 
Second Catarai . and made their appearance at Wadi Haifa and 
Derr, while one was actually seen at Dariwi, a day^s march north of 
Aswan.* Tlio wild bonr is apparently now extinct in Egypt, but 
specimens were shot in the Delta and in the regioii of the Wadi 
Xalrfin during last cc^ntury. The ibis bus gradimUy riisappeared 
from the Lower Nile \"j±lley, where it was emee so common. The last 
specimen of tliia bird recorded in Egy'pt was shot in 1S77 in l-jikc 
Monzaleli- It is sometimes seen in Lower Nubia, but has now en¬ 
tirely disappeared fi'om Egj ]Jt pro|>er. 

Nfuch is known abr>ut the ancient fauna of the dessert wadies from 
the i>amtings and sculptured i^mes in the tombs of the C)ld and 
Middle Kingdoms and of the Empire. On the walls of many of 
those tomba are depicted hunting scenes,* and aiiiting tlie wild animals 
figured in them are the lion, leopard, Uarbary sheep, wild ass, wild 
ox, hartcbcestp cuyx, tbes. aihiax, dorcas gazelle, fallow deer, giraffe, 

t Untron^s liUL Xot,* Vp|, XU, jk '24. 
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und ostrich. As several of these animals are not now known in 
Efrypt it has been argued that the scenes do not faithfully represent 
the ancient fauna of tlie country. But I can sec no reason to doubt 
that the Bcones depict actual hunts tlmt took place in the Arabian 
and Libyan Deserts not far fmm the localities in which the tombs 
liguring them are found. There is some corroborative evidence in 
the references in the ancient literature to the liunting of the wild 
animals that freqijcntcd Egj-pt. TJiutmose IV., for example, hunted 
the hon and ibex in the desert plateau near .Memphis:» Amenhotep 
111. hilled 103 fierce lions during the Grst ten years of his reign," 
and m his second regnal year he fiunted wild cattle in the desert near 
Keneh;* he saw there a herd of ITO, and of these he and his limits* 
men captured 00. The desert to tlic east of Kuft was a famous 
himtmg*gro«nd at the time of the Eighteenth Dynasty. At the 
present day all but one of the animals represented in these ancient 
huntmg scenes are found in the Xubian Deserts lo the south of 
Egypt. The exception is important; it is the fallow deer which be* 
longs to the Holarcti^ not to the Etliiopian, zoological lone. Al¬ 
though most of tbe animals that uere hunted by the dynastic Egvp- 
tintis hai-e now disappeaned from their northern honic, many have 
wen larded in recent years as occurring in tlie Arabian and Libyan 
Deserts. Me can, in fact, follow them gradually receding south¬ 
wards. The dorcas gazelle is stiU common in both deserts, and the 
addax sometimes occurs in the region of the TVadi Natn'in, The 
itex IS occa.sionaIly seen on the mountains northeast of Kcneh, The 
liarbary sheep {Arnfitotraffus was ohser^-ed by Dr 

Schwcinfurth in 1873 in the Wadi Shietun which opens on th; Xile 

^ recorded by James Burton in 

1823 m the desert northeast of Kcneh; ho remarks that then the 
Arabs of this part of the desert let tbeir female donkevs loose to he 
^rved by the wild males.* Later, in 1828, Lhiant dc Bcllefonds laiw 
mani wild aascs m the region Ijetwccn Darawt and Berber; thev 
we™, he aaya, often trapped by the Bisharin, who used the flesh a; 
food. During the first half of the eighteenth century the ostrich 
frequented the desert near Siicj!.* A hundred vean? later it was re 
imrted to be nnniLTous in the Arabian Desert op|xwite Esnch and 
there is a wadi, some distance southeast of Aswan that ia o,ii ’j l 
.!», Ar.b» Wiidi K„™. -the W.di of 0,w‘h“” l‘ L ' 

Desert the bird was fairly common in Ujo eighteenth lentury \v^(' 
Browne, who traveled along the coast w est of Alexandrii in 
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Malfis tiiut tracks of the ostrich wore frequently seen, and lie noUid 
also that the bird someLimes appenmi in the neighborhood of the 
Wadi Jfatrun.'*’ Geoff toy Saint-Hiloii^ in 17^>9 reported that it was 
tlieii common in the mountains isemthwest of Ala^tandria,^^ In 183" 
I-Ord Lindsay iiaw the ostrich near hut the northern Umit of 

the bird is now very much further Tlie lion Is mentioned by 

Sounini at the end of the eighteenth century sis one of the larger 
carnivora which tlien approached the confines oi Egypt, but did not 
long remain in the country. 

Now the appearance of all these animals in Egypt, and in its 
bordering deserij^ in dynastic times presupposes tiiat the vegetation 
of the wadies wass much more abundant then tlian now, and this again 
prcsup|Mjses a greater rainfall than we lind at presenti The dis¬ 
appearance of the (lyuas-tic fauna is not, however, entirely due to the 
change in dimatic conditions. The Arabs have a saying Uiat It was 
the cjamd that drove the lion out of Egypt, and this isj doubtless 
true, Tlie lion depends mainly on the anteloj^e tribe for its food 
supply* The antelopes, on the other hand, depend for their sus“ 
tenance on herbage and grass, ojid tliis has been consumed to a great 
extent by the camds, which, dnre Arab times, have been bred in 
great gumbers in the Arabian and Nubian l>eserts. It is certain that 
the advent of the camel w^as a factor in driving southward many 
of the w^ild animals that were at one time so common in Egypt, but 
are now’ characteristic of the Ethiopian region. 

The characteristic wild trees of the dynastic Hora of Eg^ pt, as we 
know from the remums of them that have been found in tlie ancient 
tombs, were the heglik (BuhnitM mfff/tiaca.}, the seyal 
jryaZ), the sunt (Acacifl tlie tamarisk nUctica)^ 

ihe nebak {Zis^phu^ spma-ChriAti)y the sycamore-fig {A'ctw ^pco~ 
mt>rwt)^ and the moringa {Morhi^a aptem)* The dont palm (I/y- 
thehaica) and the Dellach palm (//. arywfi) were also com¬ 
mon, The heglib does not now grow wild north of Aswan, and of 
the other trees, only the sunt and the tamarisk are really commoii in 
the Lower Nile Valley, All these trees, however, notv grow in 
abundance in the region north of the Atbnra, and it is here, in what is 
called the Taka tx:omtry, iliat we find also the fauna that was once 
so abundant in more northerly regions. 

But if tlie faiiJm and Qora of the Arabian and Libyan Deserts m 
dyniistic times ai>proadied more doswly to that now^ seen in the Taka 
country, we have to go further south again for the earliest pre- 
dynastic fauna and flora of the Ix»wer Nile Valley. This predynaatic 
fauna is particularly interesting, beoiuse, in addition to several of 
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tliti animals already rngntioried as o^urring in dynastic tiiiipi?* iw 
meet with others, aiJrh as the elephant the kudu {StrepicerC$ 
kudu)^^* the gereuuk li^aiselLe ^^Lilk&er^tn^u^!^ a si>ecics of 

(which is certainly not the wild boar^i i. e., scrofa)^ and the 
ruarubou stork {Lept&ptUus crum&nifsr) From the nature ond 
habits of these maiunials and birds it is evident that there must have 
been a considcrablo rainfall in the Vidley of the Xilo north of Aswan 
when they frequented E^ypL lliis evidence sanctions tiie concIU' 
sion that a material change in the character of the clinmtc of Xorth- 
eastern Africa, so far as its rainfall is concerned, has taken place 
since predynastic days. The flora of the valley of the Tjower Nile 
also points to the same conclusion. IJoctor Sdiwcinfurih^' 
drawn attention to the fact that many plants, now' known in Egyi>t 
only under eultivationi are found in the primeval sw'amps and lorgata 
of the White Nile. Ho not unreaiionably draws the infennicc that in 
ages long ago the entire N^ile Valley o^liibitcd a vegetation harmonis- 
ing in its character throughout much more than at presents '"Flic 
papyrus swamps and reed marshes that lined the Low’cr Xile Valley 
in pre-agricultnrul days have been changed into pcucoful fields, in 
^vhich now grow the cereal grains, wheat and barley, and the other 
crops that have made Egypt famous as an agricultural country* It 
VfiLa the canniis^ntioii of tJiC valley, carried out by man, and the Con- 
s^uent dreining of the swampis and marshes that displaced the an¬ 
cient flora from its northern seat, and made it, as at the present day, 
only to be fotmd hTindreds of miles higher up the river* The land 
of Egypt has, in fact, been drained by man; each foot of ground bas 
won by the s^weat of ids brow with difficulty from the swamp, 
until at ia^^t the w ild planLs nnd anlmab which once possessed it have 
been completely exterminatci! in it. The agriciiUurul Egy pt of 
inodej-u times is as much a gift of man as it is of the Nile. 

I have dwelt at some length on the ancient fauna and flora because 
I want to bring unt ns dearly as 1 can two facts concerning the 
Egypt of pre-agricultural days—the Egypt of the time before man 
began to win the alluvial soil for the purposes of agriculture. (1) 
The as^x^ct of the Lower Nile iiuist have Uxn very different from 
what it is now; it wog a continuous line of papyrus swamps and 
mar^liL-s inhabited by liipp4>puliimi, wild boan?, crocodiles, and im¬ 
mense flocks of wild fowl of all kinds; it was sjngularlv destitute 
of trees or plants that could be put to any UEofu] purpose, and 
timber trees were non-existent; its phyKical conditions resembled 
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thusK pievuiliog on tlio b:snk» of the White Nile to-<lny. (2) Ihe 
ileserts Loiikring the Uwer Nik \ alley on both sides were nnich 
more fertile, mni their fuutia and flora resembled that of the Tak:i 
country in Upper Nubia. Of tlie animals that frequcntnl the 
wftdies only the ass luid the wild ox were capable of doniwiliciitton. 
If man inhabited Egypt in pro-a^lcnltural limcti—and thric is no 
A-alid reason to suppose that he did not—he probably lired a waii- 
(krinij life, partly Ininter, paiily herdsman, in the fertile wadies 
that bordered the valley, only going down to the river to fish or 
to fowl or to hunt the hippopotamus. In the valley itself there 
was cBrttiinlv no pasture land for supporting hcnls of hir*,^ 
or Btiiall cattle. It wns probably also in these wadies that agri* 
culture w*as first practi<*d in Egypt. Even at the present day n 
consukrahle number of All&hdeh roam the wadies of the Arahiitn 
L)&»rt l«twecn Keiieh and the Keel .Sen, where, at ixu-tain seasons 
of the year, there is fair pasturage for smivll flm-ks of sheep and 
guilts. I have myself seen many of these people in the cmirsc of 
several journeys that I have undertaken to the Ked Sea coast. 
Some of these nomads sow a little biirky nncI millet after a rain- 
stoim, and then pitch their tents for a while till the grain grows, 
ripens, and can he gathered. They then move on again with their 
little flocks. What the Ababdeh do on n very sninll scale, tliu 
lladendoa of the Taka country do on a much greater one. 

If we turn to the Taka country we see there ^ple living under 
iiiucU the same physiml conditiona as those which must have pre¬ 
vailed in the Arabian anil Libyan deserts in early times, 1 he 
inhabitants of the 'l aka country' arc Hamite. and, as Profe.'isor 
Seligman has pointed out,“ the least modifi«l of ihesc ]>cople are 
physically identical with tlie prtHlynastic Egyptians of Upt>er Egy pt- 
1 would suggest that they, like the fauna and flora of ancient Egy-pt, 
receded southward under the pressiure of the advance of civilizatiun. 
and that the physical conditions of the country have preserved 
them to ft great extent in their primitive life and pursuits. 'Jim 
picture of tlie Taka as liiirckhardl draws it would. I Ijclieve, dcscril»e 
uliiiost c(]ually well the earliest predymartic Egyptians. This coun^ 
try. callwl El Hash by its iiiliahitants, has liecn described by IJiirck- 
hardt« In his day'the people there were in the transition stago 
liclween the pastoral nomad and the agriculturist. It was a fertile 
and [lopulou-v region. About the end of dime large torrents coming 
from the south and sou.thwi'sl pour over the country, and in the 
space of a fortnight or 60 cover the whole surface with a sheet of 
water, varying in depth from 2 to 3 feet. These turrents were 
said to lose themselit'fi in the eastern plain after inundating the 
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country, but the waters remnined upward of a month in Taka, and 
on subsidiiifT left a thick sJinie nr mud upon the surface. Imme¬ 
diately after tlie inundation was imbibed the lledawin sfjwcd their 
si-ed upon the mud, without any previous preparation whatever. 
The inundation was usualLy accompanied hy heavy rains, which set 
in a short time before the Inundation, and became most copious dui- 
inij its height. Tlie rains lasted some weeks longer than the inun- 
dation; they were not incessant, but fell in heavy showers at short 
intervals. In the winter and spring the people of Takn obtained their 
water from deep wells, esti-emely copiaiis,dispei-se(i all over the coun¬ 
try, but at a considerable distance from each other. Tlie people ap¬ 
peared to Iw ignorant of tlllnge; tliey had no regular Helds, and the 
millet, their only grain, was sown among thorny trees. After the 
harvest was giitherecl the peasants returiD^ to their pastoral occupa- 
tious. When Jlurckhardt visited this region in the hottest part of the 
year, Just before the period of the rains, the ground was quite parched 
up, and he saw but few cattle; the herds were sent to the Eastern 
Desert, where itiey fed in tlie mountains and fertile valleys, and 
where springs of water were found. After tho inundation they were 
brought back to the plniu. Tlie quantity of cattle, Burckhardt Ije- 
lieved, would have been greater tlum it wns had it not Iwcn for the 
wild Iwnsts which inhabited the district and destroyed gi'cat num- 
lipraof them. Fiii) most common of these wild animals were the lion 
and the leopard. The docks of the encampment were driven in the 
evening into the ami within the circle of tents, which were them- 
selves surrounded by n thorny indosure. Great numbers of asses 
were kept by all these Ilctlawin. They also possessed many camels. 
The trees are described as being full of pigeons, llie Uadendon 
were the only inliabhnnts of Taka seen by Burckhardt. Each tribe 
had a couple of large villages built in the desert on the border of the 
cultivable wil, where some inhabitants were always to lie found, and 
to tthtdi tlie iMpnlntion, cxrepting those who tended the cattle in the 
Interior of the desert, repaired during the rainy seo-wn. After the 
waters hud (Uibsideil they spread over the w'ho]edisLriqt,pitdiing their 
camps in those places where they hoped for the licst pflatumge, and 
moved al«)ut from month to month, until the sun parched up the 
herliajj^. The settlcra in the villages meuiititnc sowed the ground 
adjoining the neighlioring desert. Tho camjw consisted of huts 
fonmsl of mats; tliere were also a few huts wiUi walls, resemhliuir 
lliosaj in the countries of the ^^^Ie, but smaller. Even the sctlleri 
however, preferretl living in the open under slieds lo inhahitintr there 
close dwellings. * 

It I..S an™ b«n slated that ciriliaalion in Egypt .p„.d fmm 
ll» notitli, and cooMderalile stress has been l.ij „p.,„ y 
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UplxM" Effvpt iti the region between Edfu tinJ Tiiinis, especmlly ftt 
Hierakonpolis and yaqnilu, and north of Saqiidft, in the neigh^r- 
liood of Abydus. Opposite Edfu ia a desert route leading to tlio Red 
Sea* at Kiift, opposite Naqada, is the beginning of the road leading 
to KosSr, the port on the Sea* It has l»en thought that the 
people who brought culture to Egjpt rendiMl the f^ilo Valley by one 
or by both diese routes from a “God's Land" situated somewhere 
down the Red Sea coast. But throughout ihe whole history of 
Egypt culture has always come from the north and spread south- 

ward. , 1 i. I 1 

From a stiuiy of the monvimenta of the Fii^st Dymisty that had 

been found at Ahydos and elsewhere In Upiier Egypt I ventured, 
nearly twenh* veara ago,^ to suggest the existence in predynnstic 
times of a Delta cmlization which, in culture, was far advanced be- 
vond that of Upper Egjpt, and 1 puiiitwl out that it was probably 
to a Delta civilization tiiat the dynastic Eg> pllans owed their ^stem 
of writing. I was led to this conclusion by the following facts. 
Although manv predynastic cemeteries had been thorfiughly esplorcd 
in Upper Egypt, no grave had yielded a Bingle fragment of hier^ 
plyptiift w'riting. The only inference that can lie drawn from this is 
that hieroglyphic writing wns unknown, or at all events iinpractioed, 
by the inliabitants of Upper Bgjpt before dynastic times. On the 
other hand, the discoveries at Naqada, Hierakonpolis, and AbydoP 
had ahown ii? that all tho essential features of the Egyptian m-sten 
of writing were fully developed at tho beginning of the First 
Dynasty. Hieroglyphic signs were already in full use as simple 
phonograms, and their employment as phonetic oomplemonts w'a* 
well fcstablUhed. Determinative signs are found beginning to np 
pear in these early* writings, but, as Erman and Griffith have noticed- 
even as late as the Fifth Dynasty, their use was very restricted in 
the monumental inscriptions, althongli they were common in the 
cursive and freely written texts of the Pyramids. At the very 
beginning of the First Dynasty the numerical system was complete 
up to millions, and the Egyptians had already worked out a solar 
year of 3G5 days. This was indeed a remarkable achievement. 

These facte am of great significance, for it is clear that the liiero- 
glvpbic system of writing, us we find it at the beginning of the First 
Dynasty, must have lieeii the growth of many antecedent ages, and 
yet no trace of the early stages of its evolution has Iwn found on 
Upper Egyptian soil Ttiere is no clear evidence, l» ever, that the 
system was borrowed from any country outside Egj'pt; the fauna and 
flora of its characters give it every appearance of being iniligenous. 
It is apparent, therefore, that we must seek the cradle of the Egyp- 
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tian system of liiemglyprlc writin|t elwwhprc than in UpiJcr Kfrypt. 
an([ as the fauna anti Horn of its chniiictcrs are distinctly Ef^ ptian 
the preemption b that it must be locntcfl to the Della. An import¬ 
ant indiention os to the original home of Egyptian writing is given 
by^ the signs which, in historic were used to designate the 

points of the compass. The sign for “east” was a drop-shaped ingot 
of metal u]ion a sacred perch, and this was tlie cult obfecL of ti clan 
living in predynastic times in the Eastern Delta. The sign fm 
“west ’ was an ostrich feather placed in a Semicircular stand, and this 
was the cult ohjret of the {leoplc of llie Western Delta, 'rhe sign 
for “south” was a Wpua reed; this was the cult object of a dan 
uhich dwelt on the east bank of the Aile n tittle above the mcdern 
village of Sharona, in Afiddic Egypt. The country south of the 
apex of the Delta was known as Tii .SAema^ “lieed Land.” It must, 
therefore, have been at some |>oint nortli of the ajies of the Delta that 
(he scirpM reed w'a.H first iLsed to designate the south. It must also 
liave Lren somewhere in the Central Delta that the cult objects of the 
peoples of the Eastern and Western Delta were first used to di'signatc 
“ea-st * and “west.” 


tor the Delta lieing the early home of writing another fact has to 
lie taken mio consideration. Tlioth, the Ibis god, was to the Egyp¬ 
tians the god of writing, and it was to liiju tliat they attributed its 
mvenlioii. The principal wat of his worship in historic times was 
Hrrmopohs, in iMiddle Egypt. But Tholh’s original habitat was 
situated in the northeast corner of iho Delta, where, in pn- 
d^astic times, had resided an Ibis clan. The tradition that named 
Iholh os the ^ and inventor of writing would, therefore, point 
tradition is significant also in another wav. 
Although we c^ not doubt that the Egyptian system of writing wks 
eiolvi^ in the I^lta, the gi-nus of writing may have come into Egypt 
rrom It esteiTi Asia via this northeast comer of the csountry. In this 
^rieciion it may be pointed out that the bieroglvphic* sigoa for 
right and “left” were (he mme as those for “west”'and “east”; the 
^j-gj-ptiaiM who evolved the hieroglyphic sji-stem of writing oriontatiil 
flic mg saiittu 

ti f ** history of 

the Bm e.iicavjttiviiis Imvc hc^ u carried out there, tnd noth* 

mg of pr^ynastic, or early dynAHic, tina^. has. so far, hren breughl 
to light from the coiintiy north of Cairo. We do know ^ 
that liefore the arrival of the Falcon kings frL r 

the south, Middle and lAmer Egi'pt bad been i.r»l . , ^ *** 

centuries, united under one srepteV, and that b^fire^th^ two 
of the country were tmtted there ha d been n tinti.. vr- » ^ 
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and the list there giTen would alone be enough to prove how ancient 
the Delta civilization must have been. Tliere was certainly ngihin-r 
comparable with it in Upper Egypt in those fnryoff days* 

AVhat were the [jhysical conditions prevailing in tlie Delt^ and in 
the rcf^ions to the east anti west of it immediately preceding Menes^ 
arrival in Tjower Eg)'pt! For the eastern side tlie eAddenco is ei- 
ceedinfrly scanty, but there is one fact which is significant. The 
chief god of the oastern Homes of the Delta in the Pyramid Ago was 
AnzetA^ a pastoral deity who was the prototype of Osiris. He is 
represcntetl as a man holding in one hand the shepherdcrooks 
and in the other the goatherd’s ladanistcrion. There can be little 
doubt, tliereforPt that in the caMem Delta tliere lived a pastoral 
[wnple who possi^sficd llucBs of sheep and goats^ and this is evidenee 
of a certain amount of gra*s3lftnd- In the Central Delta at the same 
perioti tliere lived a series of clans\ among Avliicb a Bull Clan was 
predominanL In historic times in Egypt the ox is oftim figured 
roaming in pap3TUS and reed marshes, and it may be that the Cen¬ 
tral Delta mai^hes supporte<l herds of domesticated cattle. Much 
more is known al>DUt the western stdo of the Delta at the time of 
llenes. It formed^ I believe^ part of what was called Telienudanfl, 
at all events this name Avas given to the region immediately to the 
west of the Canopic branch of the Xile. There can be no doubt 
that this part of the country was u very fertile and prosperous 
region in tlie period immediately preceding the First Dynasty* Its 
name signifies “ Olive-land,-^ and we actimily aeo these trees figured, 
Avitb the name of the country beside them, on a prodynastic Slate 
Palette; on this Palettej above the trees, are shown oxen, asses^ and 
sheej) of Uie iyp^ later known as ^rr-shcep* It Avas Menc«,“^ the 
Falcon King of Upper Egypt, who conquered the people of Tehenu- 
land* This c^onqiu^ is recorded on a small ivor\' cylinder that was 
found at lliemkonpcilis. Another record of the SotitherneFs 
triumph over these people is preserved on bis famous Slate Palette; 
hero the Upper Egyptian King is depicted smiting their rhteftam, 
Avhilo on the verso of the eame Palette is the scene of a festival at 
the (treat Port, which aviis perhaps situated near the ('anopic branch 
of the Nile. The mace head of Mcnes, which is now in the Asli- 
niolean ^luscuni at Oxforcl, has n sctusc carved u|>on it which hIiows 
tlio king asbUtning the red crown of Sals, end tho mscripliun accom¬ 
panying it records that ho had captured JtlOjOOO prisoners^ 
oxen, arul 1^42^.1)00 goals* This immense number of oxen and goats 
k clear evidence that the northAvestern Delta and the I'cgion to tJie 
Avest of it (Tvhcnu-land) itiiiFt have Incltulei! within its bimndaries 
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very estcnsivc grasslands. Several t^nturics after ]^Icncs, Salitirii^ 
a king of the Fifth D^nastyj euptured in Tehcnu-land 133*446 osen, 
^33^4tM> as&e?i, 232413 goaUs, and 343,0&S sheep* Si'misirt I. also 
capiiit^d in the same region “iiuUle of all kinds irjthout ntimber*^^ 
This again abowg how fertile the country must have been at tho 
beginning of the ^fiddle Kingdom. The history of this part of 
the Delto is most obscure. Duriug the period that elapwd from 
the end of the Third DjTiasty^ to the beginning of the Twenty-third, 
when Tefnakht appeal^ upon the scene^ we have liardJy any in¬ 
formation about it. WTiat w^os liappening at Sais and other great 
cities in the northwest of Egypt during tjie period from 21)00 to 
B* CJ There ja an estrajordinary lacuna in our knowledge of 
this purl of the country. The people living there were certainly 
of Libyan de^ent^ for even as late as tlic time of Herodotus th** 
inhabitants deemiH) themselves Libyans, not Egj^ptions; and the 
Greek hij^torian says that they did not even speak the Egyptian 
language^ The pi^edynastic people who inhabited the greater part 
of the lAivver S'ile Valley were apparently of the same stock as tiiese 
Libyans- There is a certain class decorated pottery which has 
been found in pnedynastic graves from Gisioh in the north to 
KostamneU in the southi. On this decorated pottery are figiirod 
boats with cult-objects raised on |.x>les. Altcigether some 170 vases 


of this type are known, and on them are 300 figures of boats with 
cuU^signs* Of theaet 1^-4 give the "TTarpoon” ensign; 70 the 
^Mountainensign; and 20 the Crossed Arrows^- ensign^ These 
cult-objects all survived into historic times; the “Harpoon’^ w^aa 
the cult-object of the people of the Miircotis Lake region; the 
^Mountain’' and **Crossed Arrows" were the cult-objects of tlie 
people dwelling on the right bank of the Canopic branch of the Nile. 
Thus it will be fwn that out of IlOO boats figured on vase$ found in 
graves m the Ixiwer Nile Valley south of Cmvo^ 322 belong to cults 
which can l>o l<M;:ated in the northwestern comer of the Delta 
Twenty-two boats l)ear the *^Tree'^ ensign, which was the earlv 
cult object of the people of HeraklcopoliR, a city- just aoiith of the 
Fayum. Ten bear the Tlujfiderbolt ” ensign of Fkhmim The 
^Fakon ^ on a curved perch appears on three boata, and this ensign 
undoubtedly represents the Falcon deity of Ilierakonpolis. At the 
beginning of,the historic period the cult objects of the people of 
the northwestern Delta meludcd (1) the ** Harpoon " m the 
of-elght Shield wUh C™-cI Arro..,^ (a) Z 
probably (4) th« noublo Ajc*?”” «nd (5} a “ ]>ove or Swiillow 
With the oxcoption of the “ Harpoon” all cult objerta are also 
found in Crete, a fact whi.h b .i^nilficant in viaw of^rTrtW 
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Evanses reniurk^ <|uotcd at ilie begianin^ of my ndclrtsSj to tbo effect 
that he consifleef? tbe iios^ibility of some actual immigration into the 
island of the oider Egyptian element due to the first Phainohs- The 
Harpoon/^ it slionld bo noted, h the prototype of the bident, and 
Inter, of the trident of the Libyan god Poseidon, 

Upon the maoe-he^d of Ifoncs^ the king is represented assuming 
tlie crown of Xoitli of Sais. This is the earliest reprcssentation of the 
fajnoiLS Sed festival which ifs genemliy held to be a aurvival, in a 
much w eakened fortiu of the ceromonlal killing of the king, its essen¬ 
tial feature being regarded as the identification of the king with the 
god Osiris. The festival wa-s, I believe, of Libyan origin, and, at nil 
events in its origin, it was not connected in any w ay w ith Osiris. On 
this mace-head theUpt>er Egyptian conqueror isshpwn seated under 
o canopj' upon a dais raised high alxjve the ground. He is clad in a 
long, close-fitting garment; ui^on his head is the red croTivn of Sals, 
and ill one of his tiands is the so called flail. Behind him is a group 
of oDicmls, and upon either side of tlie dais arc two fan bt'iiirera* In 
front of the king is a princess seated in a palanquin, and behind her 
are three men figured in the act of running. This is the earliest of 
a long series of representations of the festival, and we c^n not doubt 
that the particular ceremony hero depicted was the central one around 
which, in later times, the otlier cere monies tlmt we know were con¬ 
nected with it were groui>ed- Thci-e is no indication here of any 
ceremonial killing of the king, and the ml crown which Menes 
wears is not characteristic of Osiris but of the goddess Ncith of Sajs. 
In the Mortuary Temple of Xeuserre at Abusir, in the Temple of 
Amenhotep I IT, at Soieb in Xubia, and in the Temple of Osorkon 
III, at Bubastis, the Sed festival is represented in far greater detnik 
but still there is no indication of the ceremonial killing of the king, 
or of Ills identification vi itb Osiris. These later scenes show that the 
festival was a great national one that was attended by all the great 
dignitaries of state, and by the priests of the gods from all the prin¬ 
cipal cities of Egypt. In thci?e later representations the king's 
daughten; and the running men play an impoiiant part. Inscrip¬ 
tions accompanying the scenes at Soieb" and Bubastis state diet the 
king at this festival assumed the protection of Egypt and of the 
sacred women of the Temple of Anion. The Queen at those periods 
of Egyptian histotj' was the High Priestess of Amon^nd Ihu Head 
of the Harim of the god. An important rcferetice to the fei^tival is 
found in the inscriptiou of Piankby. Tlds Ethiopian king, in hia 
triumphant march from Thebes toward the Delta, had eaplured 
Hermopolis, the capital of a petty king named Naiulot (a Libyan 
Dynast), and when Piankhy made his entry into the city he was 


“ 1 my of tbo grraTer tm.n of Ihe »o|(t «cpel«a to rraf. wlwa 
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ftcrlaimed by the peoplej who prayed that he would celebrate there 
a Sed festival Majiisty prot^ded to the palace of Namlot, 

and enterecl every chamber. lie caused that there be broufrht to 
him the kind's and the kiiijv-^s daughters. They sainted Ills 

Maje.sty in the fashion of womenbut the Ethlopjim says that he 
would not turn his face to tlienL and he did not celebrate a Se<l 
fcstiiah Tlic most important point in connection with the festival 
is that at it the king assumed the protection of the land of E| 5 y|>t- 
It was a kind of coronation festival. On ilenes’g mace head the king 
is shown assuming the red croivny while before him is the princess 
of the country tliat he had conquered, and below Iicr is a statezneiit 
of the number of prisonora and cattle captured by him in her 
country. 

Now what were the rules that regulated the succession to the king- 
ship in Ancient Egypt? It is often assiimcd that the kmgship was 
hereditary in the male line^ and that the son regularly succeeded his 
father on the throne^ But w'e know that many Egyptian kings were 
not the sons of their predecessors. We a bo know that at some pe¬ 
riods^ at all eyents, the sovereign ba^d his claim to the kingship upon 
the fact that he hud married the hereditary princess^ tlarmliabt ut 
the beginning of the Nineteenth D^musty, tcll_s ns that he proceeded 
to the palace at Tliebes, and there^ in the Great Mouse (pr-ier), 
married the hereditary princess. Tlien the gods, " the lords of tiie 
House of Flame (pr-aari), were in exultation Uecause of liIs corona¬ 
tion* and they prayed Amon that he ivoiild grant to Harmhab the 
Sed festivals of Re.” It was after his marriage to the princess that 
Harmhab's titulary was fixed. The reference to the Ilouse of Flame 
is interesting liecause the kindling of fire was an important oeremonv 
at the Sed festival? it is figured at Solcb, and there a prieste^ 
called “ tlie Divine Mother of Suit ” plays an imijortant Kile. This 
priestess may be compared with Vesta, who always Ijorc the ofiicial 
title of Mother,, never that of Virgm*” It is titincoessary for 
me to speak of the King"s fire and the vestal virgins whose duty ii 
was to keep the perpetual fire burning; the material has been col¬ 
lected by Sir James Frarxr. This ceremony tjf kmdling fire snggeats 
that the festival may have been a marriage festivah and the nnm'ms2; 
men figured on Elic maoo head of Menes, and in later representa"- 
tions, also points to this interpretation of it. There can bo little 
doubt that it was a Libyan festival; at all events it k first found 
when Mencs assumed the red crown of Nehh of SuiB. IVlien Menes 
had eomiucred the northwestem Delta, ho married the hereditarv 
princess of the country. She vva.s probably the eldest daughter or 
perhaps the widow, of the Lower Egyptian king whose t^^untry he 
had seistwh Marriage with the king 3 widow or eldest daULrhter car^ 
Tied tlw5 throne wjtli it as a matter of right, and Meiies a marriage 
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W 0 c&n Lelievc, was & marriage of policy in order to clinch by 
a kffal meiisiire lib claim to that crown which he had already won 
for himself in battle. Sir James Frazer has noted that sometimes 
apparently the right to the hand of the princess Hntl to the ihmne 
has been determined by a race. The 1 Jhyaii king Antieua placed his 
daughter Barcc at the end of a race coiiriw; her noble suitors, both 
Libyans and foreigners, rati to her as tlie goal, and the one who 
touched her first gained ker in marriage. The Alitcinnian T,ib\-^ans 
awarded the kingdom to the fleetest runner. According to tradition, 
die earliest games at Olympia were held by Endymion, who set his 
suns to run a race for the kingilom. to all the oercumnies connected 
with the Sed festiral 1 can sec no feature that suggests the Osirifi- 
cation of the king. When he wears the itimI crown he assumes con¬ 
trol of Ijower Fgyptl when he wears the white crown he assumes 
control of Upper Egypt. There is one further [Hiint connected with 
the western side of the Delta timt must be noted. Glimsware (and 
glass) in Egyptian is called tcAciii!/ tins was otie of the cliicf articles 
of ejtport of Tehenu-knd, Just us we use the word “diina” for a 
kind of iwrcelain whieli lirst came to us from Chino, so the Eg}'i>- 
tiatia calJeil glass thurt after the country of the northwcstcm Delta 
frem which they derived it. Here in tliis western side of Lower 
Egypt is an almost wholly unexplored field for the anthropologist- 
1 have already referred to the pastoral deity Anzety, who, in tlie 
Pyramid Age, ivas chief of the mimes of the Eastern Delta, Among 
all the nonie gods he b the onl3' one that is figured in Ininian form, 
he stands eie^t liolding in his right band the shepherd’s crook 
and in hb left the goatherd's ladanbterion. On his head is u bi¬ 
comate object that is connected with goats, and on his chin is a 
false beard curled at I he tip. He was not an o\ herd, hut a shejihord 
and goatherd. In later times, the figure of tins deity, in hieroglyphic 
writing, b regularly used as the determinative sign of the word 
‘‘ruling prince,” “sovereign,” a term that is only applied to the 
living king. In the Pyramid testa, Anzety b entitled "■Head of 
the Eastern iiomos” and these included the ancient one of the 
Oxyrrhyndius fish, where, later, the ram or goat was the chief 
cult animal. Xcither the domesticated slieep nor the goat can bo 
reckoned as Egyptian in origin j they both came into Lgjpt from 
Western Asia, We have, therefore, in this pastoral deity Anxety 
evidence of immigration from the west. Tho onlj' wild sheep 
inhabiting the continent of Africa is tlio Barbary sheep, and this 
animal was not the ancestor of any domesticated breed. Both the 
sheep and the goat are essentially mountain amuials, though sheep 
in the wild state do not as a rule fre<iucnt such nigged and 
precipitous ground as their near relatives the goats, hut ]>refer more 
open country. Sheep browse in short grass; goats feed upon the 
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young shoots of slirutjs and trees. Thu (touiesticiitetl goat is gpn- 
ernlly recognized as di-secnded from the wild goat {Capra Airvue 
trga^rva) of Syria, Asia Minor, Fei^tia, iind tiio Mediterranean 
Isles, ru'o hreeds of domestirated sheep were known to (he 
sheep of the earliest histories] periinl down to the 
Middle Kingdom was a loUE^leggod variety {Ovht with 

horns projecting transversely and twisted. Thb breed was the only 
one known m the earlier («riods of Egyptiim history; it was the 
p^ominant breed in tlie MicMle Kingdom, but soon'aftor the be^ 
Riming of the Empire it apjiears to have become rare or eitinct in 
Egypt, and was superseded hy a variety w ith horns eiin ing for^ 
wards m a stilwireular coil. Both varieties of domesticated sheop. 
according to Lydekker, were introduced into Egj-pt through Syria, 
Amorig the ailt-objects of the cities over which the god Anretv 
presid^ were two, which, I believe, can definitely Im referred to 
“digenons to tho aoit of Egypt but to Syria. 
Une of these cult objects is the so-called “Ded column.” This wa.s 
oue of the holiest symbols of the Egyptian religion. It has four 
p)sshara at the top hke superposed capitolf^ Sometimes a pair of 
human ey« are sliown upon it, and the pillar is draped; sometimes 

to f ™ ^tesque face on it, rob- 

ng the lower jiart, crowumg the top with rp,u'. boms, aud adding 

two arms, tJie bands holding the crook and ladanisterion. Frazer 
has sug^ted that this object might very well be a mnventional 
repre^nlation of a tr^ stripped of its leaves. That it was, in 
fact, a lopped tree is, 1 believe, rertuin. In the Fvramid tevt^ \t 

Ih 7 of juniper 

the other of ed-wood, and tbou ferriest over the Great U^n 

.'»a. rije deterrninahve sign of the word ad is a tree of precisely 

the same form ns the D«1 column that is figured on early E.^T>tia;i 

monuments, n e., it has a long, ,hin stem. This tree-nanS o d ■ 

f mentioned as 

ufied for making ehaire, tables, boaes, and various 

1 aimted from the Pyramid 

nlol^n and the latter wCcm- 

ployed m lurbinel-makiiig, etc., at all periods of Egyptian liistoiT 

rhere .3 no evidence that juniper ever grew in Egy-^f but we hill 
numerous records of the wood being imported fSm’the f/b 
region, Tlie ^-tree, os we see from tlie ^temiinatTvc si™ 
name, had horiKontally spreading branches and w ^ 
some species of conifer. Ko conffers are b 

th^ ^d-wood mufftt thenjfons Imve Wn oV fn ’ 

.k«. A, il » »ith iu^Jpcr. S, ""I”"- 

Eejp* Syrim it » lunsll.!, II „1 it , I t" 

A™.ns the .teee of the I,b»o„ lhe„ „„ f„,„ 
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xontnlly spreading branches. Those are the cedar \fiedrfis libani), 
the CUician fir, the Piniifs larUi^r, and the horizontal-branch^ 
cypress [Cupr^s^iit sempt^ri^trena vor, fiorizontalej)). Much mxs- 
cunceptioD at present esists with regard to the Twcbatiou cedar, be¬ 
cause tho iiiiTOB ‘'cedar ’ is applied to a large number of woods 
which are quite distinct from it, and the wood wliieU we generally 
call cedar (e, g., tho cedar of our “ cedar " pencils) is not true c^ar 
at all, but Virginian juniper. Tlie wood of Cedrus Ubant is Uglit 
and spongy, of a reddish-white color, very apt to shrink and warp 
badly, by no means durable, and in no sense is it valuable. Sir 
Joseph Hooker, who visited the I^ebaxion in ISBO, notes that the 
lower slo(>es of that mountain region Imrdcring the sea were covered 
with magnificient fQre.sla of pine, jiijiijicr, and cypress, “so that 
there was little inducement for tho timber hewers of ancient times 
to ascend 0,000 feet through iiO miles of a rocky mountain valley 
to obtain cedar wood which had no particular quality to recom¬ 
mend it. The cypress, pine, and tall, fragrant jimiper of the 
Tjebanun, with its fine red heart wood, would have been far more 
prized on every aecount than the cedar.” The jfd-tree was, I believe, 
the horizontal-branched cypress which is common in the wild state. 
In the hliddio Ages this tree was Iwlieved to be the male tree, while 
the tapering conical-shaped cypress was considered to be the female. 
This is an interesting fact, Ijccause there is some evidence to sliow 
that the taiwring variety was the sj-mbol of Hathor-Isis, while the 
horizontal-branched one was the syiubol of Osiris. 

In the Pyramid Age there are t»veral records of the priests of the 
Ded column. They were called “ priests of the venerable Ded 
column.” The .^at of the cult was Dei hi. or, as it was sometimes 
called, Pr-ir*r, “the House of Osiris,” the Greek Buairis in the 
Central Delta. At this city was celebrated annually a great festival 
in honor of Osiris, It lasted oiany days, and the culmination of 
a tong series of ceremonies was the raising of the Ded column into 
an erect position, Osiris is intimately connected with this column; 
the Egyptians called it his backbooe. In the myth of Osiris, as 
recorded bv Plutarch, a pillar played an important part, Plutan h 
says that the coffer containing the body of Osiris was washed uj) 
by the sea at Byhlos, the port of the Lebanon, and that a tree grew 
up and concealed tho coffin within itself. This sacred tree was cut 
down by Isis and presented to the peojde of Hyblos wrapped in a 
linen cfoth, and anointed with myn-h like a corpse. It therefore 
represented the dead god, and this dead god was Osiris. 

Not far from Dedu, the city of Osiris in the Delta, wa.s Hcbyt, the 
modem Behhcyt el Hagar, Its sacred name was Neter. The 
llomtma called it Iseiim, or Isidia oppidiim. It was the ancient seat 
of Tsis worship in Egvpt, and the ruins of its temple to that goddess 
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still cover severjil acres of ground in the neij^Iiborhood- On tin? 
jiuiilogy of other Barred names of cities the primitive cullK)bjei;t heje 
was the Ti^r-pole. lliis was not an aso as Ims so often been sup¬ 
posed, hut a polo that was wrapped around with a band of colored 
cloth, tied with cord halfway up the stem, with tUc upper part of the 
band projecting as a Hap at top. Dr. tiriftitli conjiicturej that it was 
^ tarefully wound round with doth, but ho noted 

that “this idea is not as yet supported by any ascertained facts.’’ 
As a hieroglyph this wmj>ped-ljp r>olo esprti«cs ntr, -‘god,” “divine " 
in wluch sense it is very common from tlic parlicst times; gradual)v 
It became determinative of divinity and of the divine names and 
ideographic of divinity, ^Vnother common ideograph of “god ’’ in 
the Old Kingdom was the Falcon (Ilorus) upon n perch, and tjiis 
sign was alM employed bs a determinative of divinity and of the 
names of individual gods; it even sometimes occurs as a determinative 
sign of the u/r-pok, e, g. Pyramid Tatte, 482. 'I’his use of the Fal- 
TOD indicat^ that in the early dynasties the inlluence of the Upper 
' gj'ptian f alcon god (Horits) was paramount, But there is reason 
or M ing that the f 1 f^‘■polo cult had at an earlier period been the 
predominant one among the writing people of tho Delta ; this, 1 
thm^ IS shown by the invariable use of die ntr-polc sign in the 
words for pn^ {hn-ntr^ “god’s servant’’), ami temple (ht-ntr, 
god a housa ). ^ ow, on n label of King Aha of the First D v’uastv 
thye is a representation of the temple of Nkith of Saia Here two 
poles with tr,angular flags at top are shown on either side of the 
enlrunre. Later figures of the same temple show tliese poles with 
he rectangular llags primly as we find in the ntr-^ign. A figure 
I tho temjile of Horshef on the Palermo Stone shows two poles with 

shmi s the same poles with rcvtangnilar flags. Wo see, therefore, that 
he tnangubir-flagged pole equals the reotangular-flaggcd one, and 
that the tUr is really a pole or mast with flag. Poles of this kind 

probably pl.„»a botorr «.o 

temp cs, and the great flag masts sot up before the nylons of the Lreat 
l^plc u„ Kipb..rn,b ...d b..er <ly„a,.i., “rfoilr “ 
r,v.b, .f lb, r„l.rr polr,. lb, hripi,. „„j rtr.igbl„,«“/tSl 
ppta p^vc .h,t they pr«i,4 “ 

l.|!j-ptj.» tr«j M. 11.C Kinp.™ lluj „„„ „p,|,Vi j 

front Syr,.; tt i> prob.bl, thrrrfor, tl.M in ib, mrlirr tinirl tl„y 

were mtroducetl from the same suurec. A well-kfin^.,, . r 
Syria and the eost coast of tho Ifel Sea as well t f 
Ta-ntr, “the land of the atr-pole." TUk wa^ii' ^ ^ 

primitive Sumilic goddesa Astnrte was worelijpSa*^ ‘ 
there was a goildess Asheru whose idol or svmboTwas 
polo. Tb, n..nr, of I,.., .„d 
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t'isciv OS those of Baui and Aetorti;, and many scholnta ha^'o inferred 
tliat Aiihora was only another name of the groat Semitic goddeaa 
Astarto. The aahem pole was an object of worship* for the propliets 
put it on the same line with the saered syntboJa, such as Dual pillars; 
the ashera was, therefore, a sacred symbol, the seat of a deity, the 
mark of a divine presence. In late times these ashcrim did not es- 
cluaively belong to any one deity; they were erected to Baal as, well 
us to Yahw. They were signpijsta set up to mark sacred places, ami 
they were, moreover, draped* Thej' correspond esutlly to the nir- 
poles of Egyptian historic times. I have noted that these Ttfr-poles 
were tall and straight, What tree produced them? In Egyptian, 
inscriptions there is often mentioned a tree named trJ. It was oc- 
casionally planted in ancient EgjiJtian gardens, and specimens of it 
wore to 1^ seen in the Temple garden at Heliopolis* The seeds and 
sawdust w'ere employed in medicine, and its resin was one of the 
ingredients of the Kyplu-incense. Chaplets were made of its twigs 
and leaves. The treg wa."! sacred to Hatlior; branches of it wore 
offered by the Egyptian kings to tltat goddess. In a Saitc text it Ls 
mentioned with three other trees—pine, yew, and juniper; these are 
all found in Northern Syria, where they grow together with the 
cypress; the trA tree may therefore be the cypress- Evidence has 
been brought forward to show that the sd-tree is the horizontal- 
bntn''hcd cypress, which was believed to be a male tree, while the 
tailoring, flume-sliaped cypress wa.s believed to be the female tree. 
The LVd column was the st'mhol of Osiris, and at Busiria was celc* 
brated a festival of raising this column. The tr.t tree was saored to 
Hath or, who is often idcntlDed unth Lsis. and there was a festival of 
raising the tr.t tree that was celebrated on tlie nineteenth day of tlu? 
tirst month of the winter season. It is not known where this festival 
was celebrated, but It may well have been at Xeter, the scat of the 
Isis cult near Dcdii-Buslris, The two tree-cults point to Northern 
Syria as the country of their origin. 

In the architectuTO of ancient Egj'pt two distinct styles can be 
riMTOgnized, One is foiioded on wattle-and-duub, the other on wood 
ermstrudion. Wattlc-und-daub is the natural building material of 
the Kile Valley and Delta, and the arcbitcdural forms derived from 
it are certainly Indtgenoiifi. Those styles derived from wood con¬ 
struction, on the other hand, could not have originated in Egypt, but 
must have arisen in a country where the necessary timljcr was ready 
at hand. Egypt produces no coniferous trees and no timber that is 
at all suitable foi* building purposes, or indeed for carpenter's work 
of any description. The wood of the sycamore tig is very coarse¬ 
grained, and no straight plunks can be cut from It. The sunt-acacm 
is so hard that it requires to be saw^n while it la green; it is very 
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irrejnilar Ln toxture, and on account of the nuineFous branches of ihe 
irunU it is uupossible to out it into boards iilore than a couple of fwjt 
ill length. The palaces of the early kings of the Delta were built of 
coniferous ivood hung ’with tapestry-woven mats. The tomb of 
.Menas' queen, NeStii-hotop, at Naqada, was built of brick In imitation 
of one of these timber-constructed palaces, anti smaller tombs of tbe 
^mc kind aitj known frcim tlie Second and Third Dynasties, but not 
later. As early as the reign of King Den (First Dymiiity) tbe 
palaces of this type were beginning to be built of tbe tialive wattle- 
and-daub in combination with wood, and by tbe end of tbe Pyramid 
Age the style dlsap[>ears entirely, though tbe memory of it was 
preserved in tiie false doors of the tomba andstelte. Drick buildings 
similar to tliose of the palace ” style of Egj'pt arc also loiown from 
early Babylonia, and they were at one time regarded as peculiarly 
churncteriatic of Sumerian onrbitectupo. These, obviouslv, must 
liave been copied, like the Kgy'ptian, from earlier timber forms. In 
llabylonia, as in Egypt, timber was scarce, and tborc are records 
that it was sometimes obtained from the coast of Syria, This was 
the region from W'hich the Egyptians tli rough out hlKtoric times ob¬ 
tained thuir main supplies of wood, so it is not improbable that they, 
!vs well ^ tbe Sumerians, derived this particular style of architecture 
from XorLhom Syria, I may obrerre in passjing tliat in this 
pnlace style we have the transition form between the nomads 
tent and tlio permanent building of a sctllisi people. The Jack of 
native timber in Egypt ia significant in another direction. BoaU of 
considerable siw are figured on many predynaatic monuments. Tliev 
are long and narrow, and in the middle there is usuallv figured a reed 
or wdrker-work cabin my view these boats were built, like manv 
of th^ of later periods m Egypt, of brmdles of papyrus reeds bound 
together with cord; tliey were, in fact, great canoes, and, of course. 
A-ere only for river traffic. They were not sailing boats, but were 
propelled by means of oars. No mast is ever figured with thorn, but 
they gcneraBy Imvo a short pole amidships which is surmounted by 
a euit^bjret. On one predynartie vs« there is a figure of a sailing 
ship, but this IS tota ly different in build from the canoes, and it lias 
a vejT high bow and stern w,th its mast set far forward in the Hull. 
Similar are figured ou the ivory knife handle of pre^dviiastic 

date from Gebe el Aniq, but th^ vessels apjiear to be in port and 

Knd t™d, with ptople d,vcUi„s olong A, 

», It may that the ol th. nartl.wo,ter„ D.lta built 

woudm ah.^. but ,f thuy d,d thay m,„t 1,.v. 

from some foreign source. Coniferous wood wa= i.. i^ - 
pattad into tl.u Nila V.llay at tba ba,dn„tpr ttT&’a^; 
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from tlie Lpbfliion region, anti it miLit be remembered that the 
Egyptian natiiu for a setiguitig sliip. was kinyt, from Kcbeji^ 
By bios,’’ tlie port of the Lebanon, whore theso sliips must have been 
built and from tvhentjc they sailed. The saared barks of the princi¬ 
pal gods of Egypt historic times wero invariably built of conif¬ 
erous w'ood from the Lebanon. Transport ships on the Nile were 
sometimes built of the native sunt wood, and Herodotus describes 
Uiem as made of plunks about £ cubits long which were put together 
“ brick fashion/' No masts or sail-j'ards, however, could possibly 
be cut from any native Egyptian tree. In the Sudan at the present 
day msats are s<jmctimes made by splicing togotUcr a nutnbfir of 
small pieces of siint and binding them with oxhide, but such masts 
arc extremely liable to start in any gale, and they would be useless 
for seagoing ships. It may be doubted whether tlie art of building 
seagoing ships originated in Egypt. It may be doubted also whether 
the custom of burying the dead in wooden eofliiis originated in Egypt- 
In countries where a tree is a rarity a plank for a mflin is gencrnliy 
unknown. In tlie Admonitions of an Egyptian Sage, written some 
time before SKXX) B. C., at a period when there was internal strife in 
Egypt, the finge laments tliat ^'Men do not sail northward to 
[Byb]-los=* to-day. aliall we do for coniferous trees" for our 

muDimics, with the produce of which priests are buried, and with the 
oil of which [chiefs] are embahued as far ns Keftiul They come 
no more,” This ancient sage raises another anthropological fjuestion 
when be refers to the oil used for embalming. The only oils pro¬ 
duced by native trees or shrubs in Egypt were olive oil, ben oil from 
the moringa. and castor oil fix>m the castor-oil plant. The resins 
and oils used for embalming were principally those derived from 
pines and other coniferous trees. Egypt produced no kinds of in- 
ceniie trees or shrubs, 'i’ho common ineensea were pine resin, lada* 
num, and myrrh, and all these were iinportetb It is difficult to be¬ 
lieve that the ceremonial use of incense arose in Egypt. 

Tliese are a few of the questions raised by a study of the material 
relating to the origins of tim ancient civilifiation of EgjTJt. There 
are numbers of others that are waiting to be dealt with. Egypt is 
extraordinarily rich bi material for the anthropologist, it is a 
Storehouse full of the remains of mans industry from pre-agricul- 
tural times right down to the present day. Almost e\cry foot of 
ground hides some relic of bygone man. The climatic conditions 
prevailing there are exceptional, and it is largely owing to the 
absence of rain that sn full a record of man and bis works has been 


"Thii nlnci mSa -nr; Its frtdwllnn L* due td fSetnt mil " itilti tlw 

tnees, the ipdCW enfl wotcit qdil* wLDlmbljr,"— A. tl. RiifiUfief, TIm AilmottI [lone of u 
BaiW. 

»Tti^ ward la »*t « Bfnprlc oiae W pinpff. Hf. rtc* 




456 AXNUAL. IlEl-OHr tJMlTHSOyUN INSTlTLtTlDN, 1924 

prejiierved- For more tlmii n century excavators have bcel^ busy m 
iiian 3 ^ parts of the coutitry, hut there is yet no si^ that the soil k 
bccouiinj^ exbaitsted i It is, in fad, almost daily yielding tip its biiried 
treasures* Tlie past t^o or three decades have been proUlic in sur- 
priBcs- Mines of hidden Ttealth have ixfcn unearthed where hut a 
few years ago wc only saw the sands and rock}’' defilei^ of the desert* 
Since we met at HuH last year, the nM>st sensational archeological 
dhCO very of moilem timea haii been made m a place that had been 
abandoned by nwiny a^cavatora as exliausted. Tliis discovery, due 
to the untiring persktenco of an Eiiglislmian, promises to yield re¬ 
sults of extraordinary intei^t, but it will take years before they can 
be adH[uately published. Other discoveries have been made in Egj'pt 
during recent years which have opened out a vista of human history 
that we little dreamt of a quarter of a century ago* Three decades 
ago not 11 single monument was known that could be ascribed Avith 
certainty to the period before the Third Egyptian Dynasty. To-day 
we possess a continue us series of written documents which carry 
us back to dienes, the founder of the Monarchy, some 3,400 years 
or more before our era, niese written documents, moreover, show 
clearly that Moncs himself must have come at the end of a very 
long period of development. Egypt had already had a long history 
when the upper and lower countries were lirst united under a single 
BccptrOi From Upper Egj'pt we possess a continuous series of un- 
inscribed monuments which take us back far into preliistoric tinier 
An immense vista has been opened out before our eyes bv the dis* 
ctivcries of the hist thirty years, and now, in Egypt better than in 
any other country in the w^orld, we can see man passing from the 
jjriinitive hunter to the pastoral nomad, from the pastoral nomad 
to the agriculturalist, and then on to the civilised life which begins 
with the art of writing. IVe can see in the Delta and in tho l^ower 
Nile Valley tribes becoming permanently settled m fixed abodes 
around primitive cult center?, and then uniting with others into one 
comniunity. can trace the fusion of severel communities into 
stogie States, anti then, later, the uniting of States under a supranie 
sovereign. What other country in the world pnserves such a record 
of its early history f 

1 have but little time left to speak of the modern Egyptians, but to 
the anthropologist few people are more interesting. In almost every 
circtimsluncf: of daily life we see the old in the new, ^lost of the 
ceremonies from birth to burial arc not kluslbn, or Christian, or 
Roman, or Greek; they are ancient Egyptian. In the transition of a 
people from one religion to another the important lusti tut ions of the 
older doctrine are generally completely abolished; many ceremonies 
and much unessential detiul, however, survive, and in the I>eita and 
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Lower KUe Valley HurvivaJs are extraordinarily miinerotis. U was 
Lady Dtiff Gordon who said tliat Egypt is a palimiiscst in which 
the Bible is written over Herodotus, and tlie Konin oTcr that; tiie 
Uiieicnt writing is still legible tlirough alL Then* b a passage in one 
of her lettera which descrii>e 4 t her visit to some Kuhian women. 
Their dress and ornnments were the same as those represented in 
the anebot tomb painting^. Their hair was arranged in iittle plaits, 
finished off with lumps of yellow day burnished like golden tags. 
In their house Litdy Duff Gordon sat on a couch of ancient 
Egyptian design, witli a semicircular Ueadr^. Ttiey brougiit 
her dates in a basket such as you may see in the British Mu¬ 
seum. So dosclv did they and their sinToiindings resemble 
the scenes of tho'ancient tombs that she says she felt inclined 
to ask them how many thousand years old they were! The 
modem woi-ship of the ^pte is full of the ancient; many of the 
sacred animals tmd trees have taken service with Muslim saints. Up 
to a few years ago cats W'cre still fed by the ‘‘Servant of Cats in 
the Kadi’s court in Cairo. Cobras are still held in great reverence in 
the city of the Khalifs. Some time ago the dirwtor of the Zoological 
Gardens in Cairo told me that it was most difficult to procure eohriis 
for the gardens. It was not because they were scarce, but because 
tho demand for them was so great that the price asked was far more 
tlinii the Govemiuent would pEiy- Jlaiiy cobras, 1 was told, were 
kept in the upper rooms of houses in the native quarters of the city. 
The funeral customs of the jjeople throughout tho country are much 
the same as Ihoa© which prevailed in ancient tinier It is not only 
among the merchant and agricultural classes that we find the Old in. the 
Kcw. Mrs. Poole, the sister of the Arabic scholar Edward Lane, writ¬ 
ing from Cairo in 184C, describea the scenes in one of Mohammed AU-a 
palaces on the death of a princess of the royal family, liiiinedift- 
ately the royal lady breathed her lust, her relations and slaves broke 
up all the beautiful china and glass which had been her property. 
“Tlie destruction after a death.” Mrs. Poole remarks, is gencr- 
{illy proportioned to the possessions of the deceased, therefore, in 
this case, it was very extensive.” Rfimy, perhaps most, of the festi¬ 
vals of tho count 17 are of ancient origin. In tho Della towns and 
vtIIaces there are several which aro similar to those that were held 
there in ancient dal's. It la the same in Upper Egypt. Thebes still 
possesses iU sacred Iwat, and on the festival commemorating the 
hirtbclnv of Lu.xor’.s patron saint, AhuU Ilaggag, this lineal descend- 
ant of Die s.acrcd hark of Amon decorated with flags and pfuily col¬ 
ored bits of cloth, is drawn around the town in procession, amid the 
acclamations of the people. Modern Egypt has hardly Iwen toiirhe^l 
by the anthropologist. The Government official usually holds him- 
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self far too aluof to ever really get into intimate cent net with tlic 
native, Edward Lkinc did mticli to record the iniuiners and cub- 
toms of tlie Cairene Egyptiniii but he never lived amoug the feilaliirif 
and his book contains little about the inodern dweller on the bunks uf 
the Nile outside Cairo^ A rich harvest nw'nlts any student who, 
knowing the language, will isetlk and live throiigbout liie year 
among due peasants in any Tillage or town in tlie Lower Nile Valley 
or L>L4tn, It is only in this way that a real knowledge of the |>eoi>le 
c!iu lie obtained. Far Jess is Imown about them than ahoni many a 
tribe in Gcntml Africa. 

lhucjdidci% in the preface to Ids proposed to record 

past fact$ as a basis of rational provision in regard to the future* 
hut he was not the first to whom Ihis great thought, had occurred- 
A thousand years Ijefore Ihe Gi'eek historian was l>orn an old vizier 
of Egypt said of himself thrtt he was “ skilled in the wa 3 's of tlie 
pQst^ and that “ the things of yeeterday eau^fcd him to know to¬ 
morrow,'^ Anthropology^ die science of man itnd eivili^ationT aims 
at discovering the general laws which have governed hitman history 
in die past and may be expected to regulate it in the future, Tlie 
Eg^'ptian viaier had, at most^ a couple of thousand j'cars of recorded 
history before him. Sioce his time tlio urea of history has boeu ever 
wideaing^ and we our^lves can look back over netirly sis thousand 
years of human endeavor. We know considerably^ more of the past 
than did our forefathers, and diough those who hold tlie reins of 
government do not usually learn by esperiencej the anthropologist 
ought to he able to predict a little bettor than the politician about 
the future. For tlioiisands of years Egypt has been under foreign 
rule. It has bean under the yoke of Ediiopian and Pereian kin^^* 
imder the Greek and Roman, Arab and Ottoman conquerors. Its 
people suffered three thousand years of oppression. For the last 
forty ywirs it bias had English justice. Egypt has this year been 
handed hack to the Eg} ptians. It is an Oriental cfountry. What 
will be tlie immediate future of its triple? U jg ^ot diffleult to 
predict. Seventy years ago, when Egypt was under the sway of 
Said Pasiha. there was current among the fclkhfn of lltehes a little 
parable, and with tliis I wdll conclude, I quote it ns it was taken 
down by Ehind in the fifties of last century, hut the story was still 
remembered when I lived among the nath-wof l-pper Egypt twenty- 
eight ycary ago. It runs thus: ^ 

It hftpprnoil OD« that a sijltan faptuft‘d it Hon. ,vhirh it plM«^rl 
him to keep for Ins royal pleasure. An officef appointed 

csfject.tUy to have in eharpe the wdl-Winfr of the boast for Tvhose 
tfustcnance the command of His Highness allotted tlie dailj allow 
anoc of fl poiinrhi of meat. It instantly oeciirred to the keeper tha^ 
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no one would be e bit the wiser if he wore to feed bis dumb ward with 
4 pounds and dispose of the remaining: two for his own benefit. 
This he did, until tJie lion gradually lost his sleetness and vigor, 
so 03 to attract the attention of Jus royal master, ‘There must be 
sometliing wrong,’ said he; ‘ I shall appoint a superior officer to make 
sure that the former faithfully does his duty.’ Ifo sooner wm the 
plan adopted than the first gpes to his new overseer, and convincing 
him very readily that if the pi'ocecds of a pounds be oonveyetl 
to their pockets, tlie meat would be far better employed than in feed¬ 
ing the lion, they agreed to keep their own counsel and share die 
profit between them. But the thirst of the newconier soon becomes 
pleasantly escitod by the sweets of peculation. He talks the ma^r 
over with his subordinate, and they liave no difficulty in discovering 
that the lion roiglit very well bo reduced bo a pounds a day. Droop¬ 
ing and emaciated, the poor beast pines in his cage, and the sidiati 
if! more perplesed than before. ‘A third official shall be ordered, 
he declares, ‘to inspect tlie other two’; and so it was. But they only 
wait for his first visit to demonstrate to him ilie folly of throwing 
away the whole 0 pounds of meat upon the lion, when with iso little 
trouble they could retain S, 1 apiece, for tlieniffllves. In turn his 
appetite is quickened and he sees no reason why 4 pounds should not 
be abstracted from his ward’s allowance. The brute, he stntes to 
his colleagues, can do very well on 2, and if not^ he can speak to 
nobody in complaint, so why need they lose the gain ? And thus the 
lion, reduced to starvation point, languishes on, robbed preyftl 
upon by the overseers set to care for him, whose multiplication has 
but added to bis miseries.” 
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[With 11 plat£»] 

Tlifi IndCans of North Awrica CK^cupied an enormous artfa, in 
which they encounlered, almost ^verj' known variety of climate aiul 
scenery. In the various re^^ons accordingly there were evolvini 
different ways of living and* i?si)ecially, different forms of dwellings. 
The forms of Indian habitations were affected by dltnate and were 
LiiodUied according to materjals available and house tjpes of dif¬ 
ferent regions accordingly offer marked contrasts* Some wen- 
simple; so simple that nothing could be more startlingly primitive 
(see the Faiute village shown bdow^ pL llj Bg. 2)^ Some were verv 
complex^ and hundreds of feet in length. Some were made of fre- 
mendoiis beam^ in a cyclopean style of carpentry^ while in at least 
one area stone masonry was developed, and the mins of the ancient 
stone atnictiircs are imposing even to-day (see, for example, Pueblo 
Bonito, pL 7), Some Indian dwellings are picturesquej some are 
oddj and all are mtoresting.. The way in which geographic forces 
operated in shaping or modifying the habitations of tlie Indian 
tribea is an interesting matter for investigation* The subject nmy 
well bo introduced by glancing at two habitation types, both im¬ 
portant and characteristic hut very different, the wdgwam and the 
tipi. 

Tliri WIGWA31 

The word “wigwam,” in the language of the Algonkian-speaking 
peoples of the Atlantic side of the contineut, means aimplj a dwell¬ 
ing. Tlic term was applied by Europeans to the tyiios of structuim 
they encountered among the tribes of the middle Atlantic states. 
These habitations were essentially permanent structures and were 
grouped into regtilar tow ns, w ith squares and public buildings, which 
were fortified, and in many cases defended with earthworks, llov- 

* Rcimotc^ pfrmluJflii tmm TUtt OKitnpbical ReTkv^ Vol. XlT, Xa. 1. 
ftrf, 1PS4. 
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al)lu tents were not in use in this region; and the wigwam is not by 
any means a tent* It was not essentially a conical lodge, like those 
used farriier west, but it had in most cases an arched over roof or 
w»» hemispherical- Tlie simpler forms wore shaped like half an 
orange, but the vast majority were elongate. Tiio Sac and l*'ox 
Indians, to mention no others, live in this type of dwelling even 
to-day. Tlie wigtvam in iminy cases had room enough to accomino* 
date a large number of families and would contain, in addition to 
benches and sleeping platforms, space for a year’s supply of food. 

The ca.Hiern Indians who used this form of dwelUng were by no 
luoyifu iiuuiiidic tts oftciii pictured^ living by plunder mul 

the chase. Tiiey were pcarealile farmers, when circiimstances 
allowed them to be, living on puTKlucta tiuito familiar on our own 
tables, com broad, squashes, plums, wild grains, berries, maple 
sugar, and meat wlien ohtniliable. The settlor on the Atlantic sca- 
twTird got his food plants. Ids maple sugar, and his diatom of hold¬ 
ing “ hushing iiecs,” directly from the Indian. 

This settled, agricultural mode of life together with the wigwam 
was distributed over a large part of eastern ^■□rtll America, tinefiy, 
it went wherever the rainfall ami the temperature permitted enU 
tivation of maiste. Tiiis plant grows naturally only where the hot 
growing season is accompanied by rains, ISveryone who has crossed 
tlie-coDtlneni has been strnefc by the change in the face of nature 
in the region of tlie one hundredth meridian, the longitude of central 
Kansas. Westward lies tho region of fls contrasted with rainy 
aumniers. Corn can be grown in I he drier west only with artificial 
irrigation. Wigivaras and the easy cultivation of roniM go together 
and are characteristic of eastern Xorth America. 

I'he aborigines in this eastern area tieing sedentary in the same 
as tlio present population is, it follows that their houses would 
lie pernittocnt, not morahlc. The house structure consisted of a 
framework of poles, planted solidly in the ground and bout over 
to form arches, covered in with some light material. The con¬ 
struct irm was practically flctermined in advanre by the noturr^ of the 
forest, for the trees consisted in targe part of hard wooiH which could 
not readily be worked up by primitive implements. The material 
used to cover the house was of coiisiderabte variety. In the Atlantic 
region the most po]Uilnr c?overitig wa.s bark, which was readily 
available, both in large quatititias and in large pieces, from a variety 
of trees, among them birch, elm, hickory, and ash. In areas where 
liirge sheets of bark could not readily bo obtained, other materials 
were siibsstitutcd. Thus, beyond the westward margin of the forested 
area, on the plains of Arkansas, houses of a similar framework of 
)M»lc 5 « were thatched over with grass, as among the Wichita (see pi. 
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4. 1}. Amon^ the Ojihua and Jfenomineo, in the luke 

ij£ MinnesoUu matting mude of inches employed fts covering' 
mate rial, being njone readiJy ftvailpble there ih&n bark. It is note¬ 
worthy in u general way that as we go farther aorth Indian boii^ 
iKjcome simpler and simpler, until in the far north, among the Cree 
or the Sidtean.ic, the structure is a simple framework of light poles 
in the sbaije of a Hat eonej covered over in some fashion with dieets 
of bark mattings or wlmt not. 

The original [jopulation in this eastern area was dense as com¬ 
pared wiiii that farther west, because of the greater productivity 
based in turn on the occurrence of summer rains* There were pcofjle 
enoiigli, for instance, to build numerous and quite substantial earth¬ 
works* These included burial mounds, ceremonial mounds, aJid 
fortifications. The mounds were so widely scattered anti isome at 
least of the fortifi^'ations so tremendous and impris^ive, t\mt we 
havo come to refer to thetse peoples as ^ mound builders.’^ The idea 
that the mound buildera were liilTei'ciit in aisy respect from otlier 
Indians is quite without foundation. Some of the mounds were 
built, in fact, after the coming of the wldtes^ as is proved by the 
presence in them of Eiii-opean objects—medals, scissors, porcelain, 
pewter, metal buttons, and iion knives* Yet all the Indians living 
in the Ohio Valley at the moment when the settlers came into that 
region were not numci'ous enough to man the ramparts of the old 
Indian earthwork known as ^ Fort Ancient*^^ Thia decliuc may be 
attribilled to a sudden movement of tlie erstAvkiJe stationary popu¬ 
lation from tlio area, owing probably to the intrcHiuetion into Amer- 
icn of tlia horse* 'Flie Indians were originally without horses and, 
in Xortli America and Jfexico, witlioiit burden animals of any 
description except the dog. In fact, American Indian society, speak¬ 
ing generally, developed a civilization without draft animals or 
vehicle^. The intmduction of the horse by the Spaniards led to 
a great economic tran-sformation, a general drift of tlie population 
to the Plains, where pursuit of the budalo was suddenly made very 
easy and sensaiionaily succc^ful* Here a peculiar way of living 
developed, apparently after the Spanish eomiucst of Mosico but 
long before the inroad of English-s]ieaking people from the Atlantic 
side* lAit us turn to the iiabitations of the liorseback “ Imlians 
of the Plains. 

OWELLINO OF TIIE tNULSiNS J VUK TIFI 

Tlie history of the Plains region of North America doea not go 
back very far. When our historical knowledge hogins, the tribes 
were already in possession of horses, and a novel mode of existence 
liad already developed* What conditions liad been before that time 
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we cun (inly sui-miije from a few sun'ivals luid from urcheolu^^ical 
evidencfl obtained in the old sites. Some very quaint and curious^ in- 
foimation has iwently Iwen brought to light in the latter way. 
What we consider the typical mode of existence of dm Plains Indians 
is therefore only the latest phase of their mtule of life and a very 
novel and highly modific^l phase at that. Moreover.^ as we have ah 
lendy reiJiarkiidT this highly mod died mode of existence has coni- 
manly come to be considered us the mode of life typical not only of 
I he Plains Indians but of ull Indians. The appearance, dwellings, 
and even costume of the modem Indian of the Plains ia what comes 
[o mind when anyone says Indian.” 

Physiciilly the Plains Indians were, and are, a Tory fine people, 
]K}^<i^icig the gift of weaHng cost lime strikingly. This trait ie 
slmi-ed by men and women. The war Ixinnct of eogle feathei's, worn 
l>y the men and never by wosieri (tlie Indian woman on the old- 
style United States copper penny to the contrary notwilhstsinding)^ 
is the most pictnn^sqiie headgear worn by any tribe of people any¬ 
where, When the Treasury Department in improving ihe style of 
art exhibited on oiir coiotige wig^hed to select a fine-looking Indian as 
liiCKlcl for the head on the five-cent piece, they turned to a member of 
one of these Plains tribes. 

Tlie dwelling of these Indians was the tipi, or teepee. That this 
fitructure should over be confused with the wigwam is surprising^ 
for tlie two are very unlike. 11 le tipi is n movable tent, covered w^itU 
skins, conical in form, with tho poles of the framework jutting out 
of the top. It forms a very tidy, scrviceabie, smd picturesque habi¬ 
tation and, fiirtlicruiore, one that is quite distinctive. Tril^es like 
the Yakuts of Siberia have tents that are hemispherical, not conical, 
and covered with felt, net skin. Tents of the Lapps and Samoyeds 
litewdsB differ from the tipis for the tipi cover is cut, or ^'^tailoi'ed,” 
in a pattern that is perfectly" di55tinctive, T do not know' of any 
liabit&tion in any part of the world that Is I'eall}'" comparable to the 
tSpi. 

Tlie tipi, exclusive of the furnishings within il^ consisted of tw'o 
jiarts, a set of poles for tifcc framework and a cover of dressed liuflalo 
hides, the latter carefully tailonxl ami stilche^l together. This 
wnB stretched over ihc poles and pegged dowui to the ground when 
the strucinre was set up. Tlie poles, preferably of the fflo-callcd 
lodgejwk plne» were long, slender, and ck^gant—long enough to pro¬ 
ject eight or leti feet above the top of tlie tent. 

In setting up the tipi two ptiles were put together in die form of a 
V and lashed at their Inters&ction with the end of a rope, the rest of 
which was left dangling. A tliird pole was then fastened to the 
apex of the V, and die three were raised into the air to form a tripod. 


ISDJAN T>WELUXG5—WATEBMAA’^ 


465 


This the fouhdftttoD of the tent: AdditionspLl poI(?s were care- 
fiillv laid in pJacCt the woman— for this was women’s work —tossmij 
a turn or hitch of the rt>l>o over cadi new pole and bind in tlie 
whole firndy tof^rtliPn C€>rtam tribes, like the Blackfcet, u^r] four 
poles, not three, for the foundation of the tipi. In any case, the 
llnlulled fnimcTiVnrk ^vas a sinix>lli conical Ptructnm of bai^ |wle5;. 
The cover was nest hoisted into [dace and stretched siround the 
franiework, [x^g^d down to the ftroimd all aroiimL Where 

the two ed^^ of the cover met in front, a set of long slender wxKKlen 
skewers were used to fasten them together- The cover was so shaped 
that at the top of tlic tent there was an opening^ left for the escape 
of the hTHobe, and tlanking tlae ^moke Jiole were two llaps known as 
^^ear^n” Into a pocket at the tip of each ear was inserted a long 
slender pole, and these poles leatied against the tent, the lower ends 
extending back of the striictiji-e and Raiding ujion the ground. With 
the help of these two poles the " cars’^ were moved this w^ay or that, 
according to Uie illrection of the wind* A tipi wiOioiit ^ears*^ is an 
impossible dwelling, fo-r it will not draw' properly and will certainly 
bo tilled with smoke a large part of the time- The exporieticed house- 
wife will, if the tipi gobs smoky on a gusty day, slip oubjido, and, 
with the skill of long practice, shift tlie direction of the cao^ a little* 
IVlien a family shifts its quartersj the tipi Lj qiiicky struck, the 
cover rolled up, oJid two of the longest poles ems^aed like a V over the 
back of H pooy^ the ends trailing on the ground and constituting a 
iravi>is. The family property, the cover, and the extiit [Kdes arc 
loaded on the travois and dragged away. SoinetiiTi.es the tents of a 
aliolo village w^ouJd be struck at the same instant, and in a few 
minutc£s each family w'oiild be loaded up, and the procession ready to 
start* 

Xot infrequently the earth was excavated a little in the center of 
the tipi and piled around the edge- Inilians lived in yueh structures 
during the coldest weather, even in Dakota. Curiously enough, tipi^i 
are dcscribod as being, on the whole* warm and amif or table. ITie 
Indians Imve a sj^ecial knack for picking out suitable sites. There 
is many a spot in comers of the ndling pininb^ country where, in the 
ii^ of a hill or tucked away iin<ler cover of the cottonw^oods whick 
liordcr a creek, there is shelter from the fuU rigors of winter. In 
hard weather the great Indian encampments broke up, the families 
moving hither or thither, wherever Uiey could lind a spot sheltered 
from the wind. 

The distribiition of this type of dwelling within the hLstorical 
[leriod was dependent upon the distribution of the buffalo. A whole 
tribe would sometimes hang on the flanks of a buffalo herd, moving 
ns the herd moved. The horse bad the effect of makmg the Plains 
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Indians migr&tnry and the consequent effect of enormously increas¬ 
ing the use fulness of tLe tipi. In more ancient times tlie Plains 
Indians undoubtedly ate buffalo meat, when they could get it, and 
undoubtedly had tipis. But the mi^tratory way of living esclusivelT 
in tipis had not deTelojrtd. We can glean soma knowledge of the 
liouHCs of tlmt ancient Jjeriod by excavation of old sites and through 
the fact Uiat some trilics ictaineil the older form of structure until 
recently. The characteristic Ikabitation prior to the tipi seems to 
have a lodge, cxcavatcfl in the ground, roofed with polos, and 
hwiped over with earth, forming a sort of mound with the dwelling 
partly suljterianean. TliLs type of dwelling seems to have iwen dis¬ 
tributed over a large part or all of western Uorth America, li is, 
Iherefoi-e, the nest tyt>e of liabitation to be e.vamined. 

THE UNHEIUfitOUXT) tlOOSE OF WESTEllN XOHTlI AMEltIC.A 

Wert of the inoth meridian, which raarlcs tlic line botweeu moist 
and arid regions, tlie habitationa socni to bo designed to give shelter 
from winds rather than from rain. There is along the Pacific coast, 
lo 1)0 ^ure, from northern California to southern Alaska, a narrow 
strip with a reputation for heavy pioelpltation. Although in parp 
of the strip, for example in southern Alaska, the precipitation is 
actually enormous, ui a great part of it the rainfall is not really 
excessive. Portland, Dreg., for example, has about the same annual 
rainfall os Wo-diington, U. C. The strip offers a violent coiitrart, 
however, with the exceedingly arid lands to the eastward. Over 
die whole western side of the continent, wet and dry, wc find habi¬ 
tations which may be classed under tlic general term ‘‘pit dwellings,’’ 
for they all contain a ocntral excavation. In the three gcograjihic 
regions into which this western area may be divided, Plains, Plateau, 
and Pacific Slope, the size, shape, and materials of the house are 
greatly modified by local eonditions. 

The original typo has been best preserved apparently on the 
Plateau. The tribes here are very conservative, end their culture 
is backward in other matters than houses. We may begin, therefore, 
Itv looking nt the underground liouse of the Plateau with the pre- 
f-uniption that it represents an archaic type. It has apread from the 
plateau proper down into certain areas in the central part of Cali¬ 
fornia, along with other elements of Plateau euUtire. 

The earliest description of such hamws was penned by Sir Francis 
Drake, who landetl on tbe coast of California north of where San 
Francisco now stanils, in 1570. This place, now called Drake’s Bay, 
he named New Albion. He describes the houses of the natives at 
thi 5 point as follows; “Their houses are digged around about with 
earth, and have from the utter most brimmes of the circle clifts of 
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wood set upon iliczut joynixig cIkh^ togctlier at the toppe like a spire 
»toepla^ * • • xiieir bed is the groimci * * * and lym^r 

ftboot the hotise} they Imve tlvo fire in the middesL'^ ^ 

The method of buildin;? these bouses, as described b}" modern ob- 
servcns, may be outlined us follows* Tlic earth is diij^ up and re¬ 
moved from a circular depression until a deep pit is foniieci The 
aides of this pit are lined ’ivith timbers or sIeIjs;* rosts or Ktipporta 
are set up in the center, and beams e?dend from tliesc renter supports 
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to the side avails, forininj^ the framework of the roof. Tiiis roof ii* 
later covered in ^vith poles, or split lo^pf, thatched with grass, and 
heaped over with earth* Tlie eutranue to the dw'elling is tlLroiigh ii 
hole at the top^ which serves also as a chiomey for tho escape of 
fnnokc* Descent is effected by a ladder coriffisting of a half ]og% split 
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lon^thTii'ise and Iiaviq^ tiotchsif cut in it for placing tlici toc& Some¬ 
times th^ Louses are v‘cry Isr^, giving arconunodation to a tiujnLer 
of families. The whole structure is siibstantinJ and solid. 

.1 he detailed construetjou of this house dilTcrs from tribe to tribe. 
It maj be said, however, that this type of dwelling, including the 
entfanre through the smoke hole, is found over a verv large area in 
the interior of British Columbia, Waahington, Ore^n. and Cali¬ 
fornia—an area characterised by two things, aridity arid the lela- 
tively low or simple culture of the tribes. The most characteristic 
forms arc found pcrliaps among the Shushwap and Lillooet. Tlie 
distribution of tribes which have, oi- have recently bud, such houses 
is sho^vn ojj Figure L 


Mf>t>JKlKD OF THE I^IT iVWULLtN'G : THE; OF 

IHi: L'lAlSn 

In near-by areas^ tv here dLlTercint conditions were eneountcred, the 

loclge become somewhat niodi/ied in fomi. For os ample, among 
must tribes on tlic Plnina the pit became so shallow that tlie Etmc- 
turcs can hardly be described as pit dwellings. The general form 
was Similar, but the space wberc the family lived was scaixely below 
the level of the ground, tho excavation going down in some cases 
may one Iti many localities, however, as in the houses reported 

from the Oto, Osage, Omaha, and rotvlm, the pit was dug four or 
five feet deep. In some cases, us among tlio Pawnee and llidatsa, tho 
booses were imlercd through tho amoko hole. IVith the Ilidatsa tliis 
happened only on lare or special» {ceremonial i) occasions. There 

Tol* '^'driy distributed 

among the Plums tribes, were the same thing as tlie pit dwrilings 

of the Plateau. Tlie structures aro always covered ovaV with earth 
so much so that tliey look almost like natural mounds, whence the 
common term “earth l«dge.« Tile sloping roofs of tbL dwelhni 
covercfl with turf, olTerGd an ideal vantarro m.tnf t 

iwrted to be warm eten in the most aevete weather. The family lift- 

non of ho^ these animals wore often stabled in one corner of the 
tins WHS tlio however, only with hiixhlv vnlmvl 
mals. 'Die best and roost oominodious dwelling:, of tL 
found, perhaps, among tho Mandans wlio at one tiim. 1,„.1 
villages on the upper Missouri, llm Arikaia andTatl, ?' 'f 
niah good exnmplea (So® pi. 5, (ig. t) 

It is iiUererting to note that .-KUno ancient houas in tl ' 
are described as entirelv imdergroiiml lieimr ^ region 

mearmofnladder. Thk us wf^o from s,«,e 
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dwelling of the Plateau becomes more marked. Such old ^nictures 
liave recentiy licen reported from eastern ^^"ebrasknj where they were 
€ 3 :cavuted by Steriisf pnd wc Imve historical evidence that they for¬ 
merly e^cisted. for they were reported by an observer amou^ the 
Pawnee in 1825, who saw' them acttialh'' occupied*^ 

UNDl^tttinoU^D S5TRUCTUHES IN THE SOUTHWEST 

In the southw estern United f^tates we enter an area quite different 
geographically from the one we have been discussing, it has^ of 
course j an even higher degree of arid it}', while the surface is exces- 
siveli' broken up. Human life w'oiild seem to lie eonfronted by much 
riiore serious ddliculties than, eisewdiei^^ Yet certain tribes here 
reached a much higher bvel of culture than the other trilxw of North 
America. The native hahitatioiii, here at the prciseiit lime have little 
about them to iiiiggest pit dwelling$H On tlie contrary^ they are quite 
lofty and pretentious structures, sometimes four or five stories high. 
It is certainT however, that there w^ero formerly pit dwellings in this 
area; and it is po^ible to trace the evolution of the modern pueblos 
from underground structures* 

Several pieces of incontestable evidence point in this diiection. 
In the first i>]wcQy in the midid of the taodom composite structures, 
w‘hich have square rooms and several storiea, there are found cer¬ 
tain ceremonial chambers, circular and subterranean, entered by a 
Ladder through the roof These are known by tlie native term kit?a 
or the Spanish term estufa* The reason for these underground 
clumibcrs has always been a probleiti, though Cunhing long ago 
suggested that the people may formerly have lived in underground 
houses^ but under later condiiions preserved these chambers for 
religious ceremonici!.^ 

This idea seems the more plausible when wo consider the whole 
history of architecture in the region. It is a somewhat complicated 
matteri, liut certain stages may ncvorthelcss bo recognized. Begin¬ 
ning with Uio modern villages and going hack, wx can recognize an 
architectural tendency toward greater compactness in the more 
ancient structures. At the time of tlie eumiug of the Spaniards 
the villages occupied better defeuyive [positions than they do at 
present. ’When afraid of enemy attack the i>eople moved thcir 
village to the tops of the nie$a5* or flat-topped mountains. Some 
of these early .^tractureji which chanced not to occupy good de- 

» V. n. Sn^rtHt: AurLmt Lodcfr Slica era IhD Ift NtUnailu. Atuef. Aulhiofkulu|£|^|. 
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fenaJve sites were lery csrefully planned for military streJigtlt- 
The finest example of this is the pre-Columbian structure known ns 
Pueblo Itonito, an oncient site at the foot of a cliff in Chaco Canyon. 
This Site has been intermittently imder process of exenTation for 
thirty years.* Xo modem 'riHapa Ja so compact and weU planned as 
this ruin. At a still earlier stage the tillage Indians often moved 
their towns bodily into a cavq in the cliffs. It is uncpiestionably true 
that cliff dwellings represent a bygone stage in the history of these 
Southwestern or « Pueblo»’ tribes. The cliff ruins, which have been 
well known for Bfty years and often illustrated, contain the same 
square rooms and the same circular, subterranean ceremonial rooms, 
and, it niiglit be added, tlie same general types of pottery, baaketiy, 
hionc implements, and ceremonial objects as the modem pueblos. 

Recent escayatora have brought to liglit a still earlier stage of 
culture preceding the cliff dwellers—that of the so-ealled “basket 
makers.” Apparently before the southwestern tribes built the great 
com^msite clusters of square or rectangular structures which we call 
pueblos or cliff dwcUings, tlmy had small scattered structures, each 
family in a separate house. The houses, only scantv ruins of which 
have so far been brought to light, were apparently circular, sub¬ 
terranean, and entered through the roof.* These round houses repre* 
amt the very beginning of masonry in this region, and the people 
were basket makers rather than pottere. 

The procesa by which Isolated, circular, underground bouses be- 
P** rectangular chambers in aboveground structures is 
a 1 1 e puzzling. According to Cushing it was not a replacement 
of one type of dwelling by a different type but a gradual modifies 

successful farmers, they moved, 
Cushi^ t^k^ into the cliffs for security for themselves and for 
the little stores of rom aixmt which they seem to have been even 
more concerned. The structures came to bo built above ground 
Realise they could not be excavoted in the rock of the cave ffoore, 
Ihey became rectangular os the mere result of being crowded to¬ 
other in the limited confines of a cavern. For the same reason 
they came to be piled one ujam another. Meanwhile the ceremonial 
rJiambere were ^dc underground at any hazard, either by di.r-rln,, 
in or by building around and heaping over. Some kivas'Toih 
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ancient and modom arc themselves rectangular, but the others Beein 
to be much more characteristic.^ Apparently we have in the exceed- 
ingly pictaitasque and interesting structures of the Soutiiwestern 
Indians a progressive transformation of a very ancient, simple, and 
widc-Kpread typo of dwelling which we have already traced in other 
areiLS« 

PLANK HOnSKS OF TUB THIBET OF THE PACIFIC SLOPE 

On, the western edge of the continent along the Pacific Ocean, 
in the narrow rainy belt already mentioned, the Indians make houses 
that aro outwardly as difTercnt from any of those we have been dis¬ 
cussing ns could well be imagined. The forest trees grow to a 
tremendous siise, from 8 to 12 feet in diameter. The wood 
is soft, and the logs split easily. The natives work the lumber up 
in various forms w ith the help of such primitive tools as stone adzes, 
mauls, and wedges of yew or antler, and the Imuscs in this entire 
region are made of plunk. 

'Ihe ordinary notion of Indian dw'ellings has to be t[uJckly modi- 
lied when we dii^ictJ^ llic plank houses. In northern California, 
houses are intricate and rather ingenJoua ^Imctnres put together 
w'jtli a eonsidcrahle knowledge of carpentry, without nails of course. 
In size tliey are rather smaU, the largest measuring 18 by 30 feet. 
The houses of the Columbia, iliver region are somewhat larger, 
measuring 2o by 75 fecL Farther north again m tiie region of 
Puget Sound their size becomes surprising. 11, A, Goldsboraugh, 
who went Inside a house on the present SiujuAmish Reservation in 
1855 and measured all the principal beams, gives its length as 520 
feet." A reputable author^ Simon Fraser, reports a Jiou;^ branding 
on the bank of the river now' bearing his name, that was 046 feet 
long and 60 feet wide, saying particularly that it was all under one 
roof.* * At the mouth of thk river he saw a forf^ (whatever it 
may have been) 1^500 feet long and 90 feet wide. Hill-Tout, whose 
statements are to be relied upon, says he has seen a house more than 
1,000 feet in length.** I have mysetf seen houses with roof beams 
more than 4 feet in diameter; and, in other houses, wall planks more 
than 5 feet wide. The mina of these Indian plank houaes are dia- 
trihuted from Humboldt Bay in northern Cal ifo min to soutlieastem 

'■ P. K. iti4l«ei« of tl» SanUiTmr. Amer. MiiHDin af Nat. Hlfll- UiQiltKdk acr.+ 
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Alaska. Tht most notiliei'Iy Qjsamples I bavo been able to fiml in 
tbe litemture are struct ui^ by Port lock in Prince William 

Hounds Alaska, in the year 1 TS^>. The uiain facts abont these hou.^5 
can lie snmined up by saying that they are always rectangular; are 
ahvay? made of split planks; and t^hvixys contnin in the center u 
pit or excavation in which the family lived. 

When I first Im^ked at the detailed cornet ruction of the plank 
hmises in the various parts of this region I received an impression 

great confusifm. It ^^^med us if every tril>e had a dilTerent type 
of dwellingj and stmie of them two or three. Boas long ago pointed 
out that the Haidji and TIingit have one type of house, with three 
roof beams on each side of tlie central line* while the Tsimshian and 
Kwiikiutl have another ty[>e, with two such bcam^ To differences 
in sixe 1 have already made reference. Tiio phape nf the roof also 
differs markedly,^* 

When nil the facts were plotted on a map, however, a certain 
amount of sydem appeared amid this medley. For example, ov'er a 
tremendou» extent of the coast the hnuses are all of u gabled form, 
except in a tamall area about Puget Sound and the mouth of Frawr 
Stiver where they have a flat or “ slied ” roof, with a single pitch 
In plaiu: of the gable* In the case of the gabled houses the end 
of the house ts toward the beach; in the case of the flat-rwfed house 
one long side of the structure parallek the beaclL In the north 
and the ^souih there is characteristically one entrance. In the central 
area them often a series of openings along the front side with the 
addition of at leapt one opening jn the rear and still other open ings in 
the ends. The houses of the central area are also of simpler construc¬ 
tion than the otberw. In connection, too, with all gabled houses there 
is a curious way of giving every house a name. This is not true of 
the flat-roofed houses. Among the Yurok the names of house^i 
are mostly ^'oiiiinonplace* They include such expressions as "^at 
the end of the rcuiv,^^ ^'near the creek,’" *"in the middle,^ above the 
othcra,” **in rear of the village,’’ “^set away from the river,” “facing 
the ocean ” and other simple descriptive names, i have given else¬ 
where a list of thesQ Yurok house names.^* Some of them a 1*0 a lit¬ 
tle more ambit ious. We find oceasionuUy such n&uie^ as “big bouse,” 
“biggest bouse,“bouse of fcsither-plume trees” ‘^where tliev danced” 
“where tbero is sound of dancing*” Among the Yurok the thing ba^j 
taken such a peculiar turn that personal names arc aupplauttid by de¬ 
scriptive expressiotis based on the namos of houses, I have not beanl 
of such a custom in any other part of the world. On the nortliern 
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Pacific coast, the naitics of houses are wonderfully high Boutidiug. 
Often they refer to the totem crests of tlie owners. Sosne houses 
that I have been in myself are “Eagle lug hoiise,” “Black-bear 
liouse,’* “Wolf house,” and “Killer-whale house.” Such names as 
“Sun house,” “Daylight house,” “Darkness house,” “Moonlight 
liouse,” “Mountain house,” or “TTiunder house” indicate the owner’s 
high rank. The names just given are Tlingit from southejistcm 
Alaska. Swanton reports a Haida w]io had a house so grand that he 
called it by a name signifying that clouds moving across the sky 
knocked against it. 

The fact tliat at the northern and southern limits of the region 
the houses have names certainly suggests a former connection. It is 
my opinion that the gabled plank houses represent a diHusion up and 
down the coast. As we go toward tlie center the size increases; at 
the ends of the region arc similarities of form, though tlie use of 
totem poles in the north gives a ditTercnt atmosphere estcrnally. In 
the case of till gabled Imitscs the gable end is toward the beach. It 
is a fair presumption tliat the flat-roofed houses of the Fraser River 
region represent a later form, possibly brought in with some less 
highly cultured Salish tribes which have overrun this region. Hie 
gabled form would appear to he the older, and its distribution was 
probably continuous along the coast at some former period. This 
appears rather clearly from the map (fig- !}• 

Tlie dwelling house in northern California, made of planks split 
from the redwood tree, was quite a tidy structure. Inside the house 
a pit w'as dug, four or five feet deep, in which the inmates lived. 
Around on a sort of earthen shelf, between the edge of the pit anti 
the walls, was a space for storiiig things—boskets full of acorns, 
piles of dried fish and eels, furs, pdts, bows, a thousand varieties of 
miscellaneous property. A imrson descended to the bottom of the 
pit by means of a short ladder of notches in a log. A fire, of course, 
burned in the center of the pit: nnd on racks overhead there was 
iianally lish or deer meat in process of preservotion, Tlie men were 
not allowed to sleep within this house. At nightfall all nudes, young 
and old, were obliged to go to certain special structures, known as 
sweat houses. These were undergruund chambers carefully closed 
up and almost air-tight. The only time that fauiilies were together 
was during a season in the spring and summer when the Indians 
acnttere<l, camping along the river and fishing for salmon. 

The houses in Alaska wore from 40 to TO feet broad and Eometiiucs 
80 or 100 feet long, and I have seen a house pit more than 8 feet 
deep. Although they did not rival in size the prodigious habita¬ 
tions around Puget Sound, tho Alaskan houses were much more 
elalmrate. as might be expected from the fact that the«e Indiatu* 
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had 11 moro ndvaso^ cutture. They are made even more interestlag 
fay tlie presence of tiutnprous totenilc carvings. TUe most conspicu- 
Oils of these ara the gigantic columns known as totem poles. IV 
temic symbols are carved not only on the totem pole but on the 
house, inside and out, and on canoes, bojies, dlalics, spoons, and a 
great variety of objects. 

That all the rectangular plnnk houses have pits is a curious tiling 
indeed, It is diOicult to see in ivhat way they are advantageous 
hiirthermore, the rectangular plank structures containing pits are 
distributed along the margin of an area where genuine pit dwells 
ings exist, i. e., in which the pits are a vital part of the house con¬ 
struction, The simplest explanation would seem to be that the rec- 
tangnlar piank houses represent the transformation of the old con¬ 
ical earth-covered pit dwellings made of poles, in an area where the 
growth of giant sprueos and cedars made the proiiuction of wide 
boards or planks possible and fairly easy, Wliere the house came 
to be made of planks the form almost inevitably becanic reetangulnr. 
On the plateau suitable timber for plank houses does not exist. ITie 
coast people have never been able, however, to get away from the 
idea of the central pit. 


S3KIUO nouSKS 

The Eskimo have two forms of winter habitation, the snow houBe, 
built when they are en vamped on sea ice, and a form of under¬ 
ground house. The construction of the latter differs widely in the 
astern and western parts of tiie Eskimo area, for in the east the 
Eskimo js almost entirely witiiont wood. In Greenland, in Labra¬ 
dor, on the shorw of Hudson Bay, and westward beyond Boothia 
Felix the house is made of crude masonry. A pit is dug, and the 
walk are carried upward with coureo after course of stone. TVlien 
flat slabs are obtainable tiie successive courses project inward, from 
whidi it would seem that the Eskimo is trying in a crude way to 
fashion his roof into an arch or dome. Material for support;og' the 
roof is often hard to find^ jawbones of whales nre cominunlv used 
for the purpose. The bouse is below the level of the ground; and 
in summer, when tlie Knows melt, It dlk up with water. Then tlie 
Eskimo moves out and camps in a tent until winter comes again 

In tlie western part of Arctic America timber is found in ireat 
quantities. Even where trees are scarce large quantities of logs mav 
!» obtained na driftwood along the oobsL Here the house has 
been in the past as nearly as possible a renlica nf oo,.*k t j 
of tlo diot«.l plotooo. f .,0 n,S7m 
tho Eitao of ,y„k. io. to U vory dJIF,™„, 
lodges of the plains, or the subterranean lodges of the pki^ 
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It is a structure jnAtie of plmik, but it ia entered by a tunnel from 
one side, and, as described by Selson, lies the interior arrangement 
which is cbaracteristic of the well-known Eskimo snow house, 
which is also entered through n tunnel. The modern house, how¬ 
ever, is very different from the ancient houses in this region. The 
houses on the Aleutian Islands are at the present time somewhat 
Europeanized, having hinged doors, glass windows, and other evi¬ 
dences of contact with Tankees and Russians. The houae is covered 
with earth, however, and so preserves this much of its old char- 
ncter. I was much interested to discover that the houses which were 
standing in this region something over a century ago, when white 
explorers first came in, were, os is shown in the drawings repro¬ 
duced herewith (pi. 9), neither more nor less than pit-dwellings, 
entered from above through the smoke hole. 

The use of underground houses by the Alaskan Eskimo forma a 
link between America and Asia. In northeastern Asia under¬ 
ground habitations are in constant use, for example, among tlie 
Koryak, Chukchi, and Kamchadal. Such pit dwellings have also 
been reported from Sakhalin Island, from Japan, and from furtlier 
afield. It would seem possible that all the underground and semi- 
underground houses which have been d^ribed have been derived 
At some ancient time from Asia. 

The stone houses of tlie Hudson Bay and Greenland Eskimo, 
which in all cases are built over pits, may have arisen as a modi¬ 
fication of the same form of dwelling, built, however, in a region 
where there is no timber at all. The snow house is another mutter. 
This seems to be an Eskimo invention, pure and simple. 

PL'EZIilNG TTTES OF HOUSES 

The Pima of Arizona use a type of dwelling called the kee. It is 
circular in form, made of wattd, and plastered with day. It contains 
no pit. Where they got the plan of this house is very much of a 
puzzle. The Navajo build a conical type of house which they call the 
hugan (pi. 10, fig. 1). The framework consists of three poles, 
wliich strongly indicates relationship with the tipi of the plains. 
The center of the house is excavated down into the ground, and 
the whole is heaped over with a thick covering of earth; both of 
which features suggest the earth lodge.. I admit that 1 do not know 
what to make of these structures. The crudest habitation in North 
America is undoubtedly tlie wkldup of the Paiutc, a brush shelter, 
,shown on Plate H, Figure 2. Finally there is one tribe of North 
America, the Seri of Tiburon Island in the Gulf of California, 
who do not know how to moke houses ot all. The best they can 
achieve is a wind break. They live, to be sure, in an all-but-rainless 


area. 
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RELATION TU MEXIOAN AND CENTRAL AMERICAN AUCEilTECl'URE 


The houses of the IndiADs of sou thorn ifcsico and Central 
America, to say nothing of the structures of Boliyia and Peru, 
lead lis into ancitlier bonbon altogether. In these regions the In¬ 
dian became a t^al arcIiitecL Some of the most imimsing stone 
structures ever raised by the hand of man are to be found in these 
areas. The pyramids found in Mexico at Papantia, Choluk, and 
Teotihuacan, recentlj" excavated by the I^fexican Government 
tlirough Dr. ^fanuel Gsmio, actually rival the pyramids of Eg^-pt 
in mze and interest. Great numbers of ruined cities are gradually 
being brought to light, some of tliem in the most romantie sur¬ 
roundings, It is worth remembering that the American Indian in 
certain localities rose by his own unaided efforts to the production 
of a grcjit architecture, of which the simpler ediBces we have been 
discussing represent the beginnings. 


miiLiQGRAPIIT 


Explor&ilpa!! far m raLLroaU rpute from tbe ^dcramcato raUer to itie 
Colomblt niFrr (mndo la of ^^ploration^ and Jitr- 

vtyw Id aterrf^in. thv moif ptacU^QJile and ^owamical rouio for a rallroafil 
from the MUtU^ippi River to the Pacific Ocean, toL fli. part 2; pp. 1-134, 
WmEiblDj^toa, ISSir 
Ba.xciuift, Umtwi UowtL 

Hie wtlTc ™«*M [Ilf the recUe States], Ftife ToIaiHeii, iThcsta fnnm 
▼oliutHM 1-5 of B ihlrtr'^volume series catlded The Worlu Habert Uoire 
BoBcroit.] San Fraaclsoo, ISSS-JSSa 
BAXDCUEILf A. P, 

lliwl report of InTcetJgallaiua omong the Tndlnns ol the southwestern 
L'nltetl Stntea, earrled os nmlnlr In the jpenrs ftom 1SSO-1SS5L Foper* of 
rAe ^trcAfforo^fcal /nrlilBto of 4mcrtea, JifnirVoaft IV, part a 

Cambridge, Mass., lSi02, 
nnscnar, Cepf^ F. W. 

Xnmdrc of « Toraite to the FacLfle and BeerUw's Strait [#<e] to «v- 
npenitc with the Paine expcdltlaiis, petformrf tn ill* Alajestr’s ship 
AtojxQin, In the years lS25-lS3a Two roltunes, London. 1S81. 

An ncconm of a Bw^gnipMe aad sF^tronointral expodlUna to tbo aprt&oi-t] 
pam of Rua^ji • * ■ amt ihe bflands In the Ea&tprti Ocoaa stretclilti;- 
to the Aniprlcan ennst • • • In the ye«» 17S5 to ITW, Loud™ IS^ 

Boas, i*aAaa ' ^ 

(tf) The hotwes of the Kwnkluil indlnna la SpfiffAronhm 
JToeeeittnir* of thv V, S, XoHonat dfsKiini, eol. ll, i®ss, 

WoBhlnttton. lf»». 


(h) Flmt sonomi report os the Isilkns of PrltUli CWu,ei,|fl /- 
port of the commlltoo • * • appetnlrd to Isrertlgnle the * • . 
northwceteis tribes of the Ih.niliilou of Canada. JZejwrX at lAe 
oliitA sieeilnp of the SHffiA A»»o<Hation fot fA« Adtan^,Rt„! of 
held - in tSS9, pp. 801-803, LoBdon. ifWo. ^ HeJenw 


tyniA>' i>wE!jm*iiS— wateema!? 


477 


Hove. jpp^rt Hit IndUms ot Bildsh ^ t^o 

Herlcfl.] Report of the utofffffc tneclittg, heM • • w™- 

HDL 5CEJ-T15, rn^judoo, ISai. _j t 

(rf) rlfiii TPiMjrt on tie Indians of BrUJali Culnnibla. [Same Mrles.] 

Sepwt of tKo tUtu fiftlt meelitiif, MU ■ * • It * * PP- 

oZIilMUon and secret sodede* of tie K^nWad Indians 
of Voncoofer laland. Stnithioninnr lottUuHoJi, Report of the U, S. Xa- 

ttonol ilutevin for JMJ, lip. Ull-T-W^ , , . _ , ^ ■_ n„hAr+ nf 

tn Sistl report on lh<* IndioM of Brttlfih Coltwibia. If. « 

tbe Coimnlttco * * ' appointed to InTesUento tie * • ****'‘^’ 

^Atom tribes of tie Domlnloa of Conadi. Report of (M 
mrttiwp 0/ tie BrttUh AnuxiaUon for the Adooncemcnf of BcfettM, 
Arid ■*•(«*•* pp. Seft-BOl. 

(o\ Tie Kfralrintl of Vanconvcr Island- Arncrleoa Uuievm of A’qtwrol 
ni^tory. Memotrt, toI. 8, port 2 {Beprlntcl from Railb^tioee of the 
Jetup yortl PffCi/lc flrpcdliion.. vol. tt. part SK New lorlt and Leyden. 

{Ri Tslm-'llan mytloloffj, SmlllsMtioa Intlilafio*, lJ*t Jl!^" 

port of the Bureau of American JffAitoTopp, for ISO^ISIO, pp. 20-1037, 
WaallPBtoiit 1016. 
liOffOftA-S W« 

The Chutchee: mattrlal cnltcire. JlemoiM of the dmerfcoit tfturwm 
of Jfffturol lIMorv, voL H. part I {neprinted from PuAIIcotioar Of the 
Jesup yorth reelflc expedition, vol. S, lart 2), New York aiul Leyden. 

1004. 

B)UCKE?IBltM3C, u. M. .., 11 . ,a ,1 Tn 

Journal of a toyaipj «p Uio fUrar SlUflonrl ifcrfonned In J8ll. la 

UorlV IFwlmf TraeeU, Thwallea, editor. roL 

(J, titk- Cle¥qlond, 1S04. 

Truvela In tfee Inleiirtr of Asinjrlcii In Ui£^ jcbts 1S09, and^ 1811: 
incldiUas a ac«erlptlon af npi«^r LonlMDna * * * In Earii/ 

Tru^vU, Rjeubtn Golul Thwaltt^, tditar, roL 5v PP- 25-320', 

deTetaiiEl+ IIKH. 

BUliSETt Vftpt. 

A c!ltwnolo^'^cai history of northeaateni ToyM^;^aa of di’HMTcry aaa of 
tliQ tliTly castarn navigations of the Rtt-wlaiiLS, Ijuntlon, iSlOr 

Naltvp village and villaKO aajrt of tlio Mls^lasIppL 
iHMitiution, liurcuu nf A^fichcan Eflissoioffy, BvUeHn 6Pp Washington, 1910, 

CaBXUXO, JPAl^ PUL * * * i TT 

[For a JouTiiat of hh Toyafjft recorded by Feml and tmiiaJated ay H, 
W, Henfefhaxvp PtrT.-^ASip 1819,1 
Calxe^h, 0. G. 

Thu North Wisest Comer. The fVorM Todau, toL 21, pp, 791-800, July, 
1911. 

CAMFaELU AacniBAm * ^ 

A voyatro rooad the world frcKo l®0d to 1S12: la which Japan^ Katn- 

schntkB the Aleatians, and the S^andivlch Islandii wero Tisdted * • 

with an accoiml of the preo^nt Htate of the Sandwich isUnds and a vocoha- 
Sary of their lan^pc. Edtohorgh, ISld 
'203OT—25--3S 


478 


AKKUAL HEPOBT SMITH ^NlASf ISST 1 TUTI 03 S, 1 DZ 4 


I'AMUfoiT, Fun 

Cbtef SMlth. The HuUeUn nf ihe Univ^aAtjf WasMnffton^ MWe 
Uf^iver»it\f rale] quari&ttf, 3, No. % pci, Historj Sorle#, 

1003, 


Catlix, GfvisE 

imd notes bn the nuLDDors, ciii^onis and condition of tbe NortA 
Atocflcaa Indiana. Wrirten daring d^bt years travel amonirst tlie 
wildcat Ifibes of Indiana In North Amorlca, In 1S32, 1833, IS^, ISKS^ 183di, 
1837f 1^, and 1S30. London^ iMl. 

UltAUBZEUUA^ A. 

RejKtrt on the Kootenay Indtano of Eonthenstem BrldEli Colunahla. tu 
Report of the committee appointed to iDvestlgate • * ^ the north¬ 
western trllses of Uj® Dominion of CanndL of ths tUfiy-Mecond 

mceiing of the British As^ooUiiio^ for the Advaneemeni of SeienCe, heM 

* * * i» * * * pp, MU-BlG. LoadoDp 1803. 

Clark, F* 

The Indian si^fn Innj^nai^er with l?rlef e^pUinatcrj aotei of the i^tnreo 
taught deaf-mutoE In our InEtltutlonn for their InHlmctJong and a deacrlp- 
tlon of some of ihe peculiar Inwa, einstouin, mjtbjip superHUtlanSp ways of 
ILrln^^ code of iioace nod war sljfiials of our ahorlglneA Fhllaifelphlii, 

• • • 18 S 5 . 


CutLIBOX, W, H. 

In the welcc of the Wot Canoe * • ■ Yotkg 1016. 

CULTOX, M, R, F. dnd It 

The Ittile-known mnaU-honso rtUna In the Ooconino fomu Memoirt of 
iAo AmfriCnn Amihropoiagieal Ariortafion^ toI. Cg nqmhor 4 ^ py. 101-12$^ 


CoLvocoaieaocs^ Geoaok hi- 


Fdar jem la « govemiwnt ei^loKng eipedlUoa • • * (Ab accutiat 

of the Willcea ExpMlIllan.| New York. 1852 . 

CoOKf Copt. James 

A TojBf* to the PmUc 0«m * • ♦ to tlttpnmae tlw poeiuoD aad 

extcbt of the Bide of Kortb Aaicrt™ • • * in hie Mejest/e Bhips 
the a^nlittUm aad iHMOtwrp, la the jeare ITTfl;, I 7 n, 1778 , 177 ». eod 1780 
Three voliunee. iTheae fora rolaaiH 0 . 7 . end <5 of » alae-volimie aeries 
entitled " Cook’a VojfteiaL’'J London, 1784 , 


CuBTCua, J, A, 

The Siwaah; their life, legends, and tales, Paget sotiad and Padfle 
Nonhweat. ion the eoTer: “ladlaa hlatorp of the Nurtbwest: Siwaah"! 
Seattle, ISDS. ' * 


Cox, Ross. 

The Colambla rlrtr; or, awnea mid adventnrea ilnring a teBlilenee of 
six It*™ on the westEra dde of the Roeitj monauiiaa. ♦ • • o 
Loedoo, 1832 : 


CoXR, WlUAAM. 

Anount of tlaaginn diwoTeFlea betwiwi Aaia and Aiaerlca. To whi.t. 
are added, the cooiiiifflt of Siberia, and the htstorr at tb. »«. 
and oommerre betwiHiii HusBla and China, Edition^. L^tdo^riTsT^*''* 
CouKaraon, TaainiaiiB A 

jonmal of an expedltloii to the UaoTaW* Term. .i, ,, 
aonrt fa t«ia mth Anfintii Hcpart of the SmlflUoaton — 

for ISSO, pp. SA-iaa, Waidilucton, HfiH}. t^*ntu$l<m 


IN t»lA N DW ELLl S (iS-W ATBBMAN 


47» 


CL1ITI0, EUWAJIP Sv . . ^ . 

Tlie North Amw^cai* InOian i buln* a seri«« «f rotiimeii plctartuK *ntl 
dcneribloR ihe Indlniu <tt the United Stdttei end Al«»kA, written. Ulna- 
UAtod, and [mhUshed bj Edward B. Cnrtta, edited by Frederick Wehb 
Bodse. foreword by Theodore Hocwevelt. field research conducted nnder 
the patromoite of J. UieriKint Morjtaa, Twenty TolmncM 112 Tolumes testieit 
to date], tmbliBlitd In the years IMT-lMfi, 

Ctramwo, Fkajik H, , c iti. 

A slddy of PiwMo itottery au Ulindrarire of Zndl colture-KTOwtJi, 4fJ«na' 
MAlan /rtsfdnfCO", Fourth dimnal Jtoporl of tho Bureou of AMcrtcaii 
Ethnoloav, for I8lti-8S, w. 473^1. TVOaliineton, I88t 

llAlX, W, 11- ^ 

On in sbellhoa^ of the Alentlnn Islands, TJ. S. Interior 

OeiMtiincat. fleographlcel and Oeologlcnl Surrey of Uio Rocky Uonntaln 
Keslon, J. IV, Powell, Geologist In charge, ConfrtbMflon* (o A'orih AomH- 
ran £fJtaofoyy« rol. l, PP- 41-01, Washington, 1S7T. 

EiKfLT IffEaSIr 

Blazing the way, or, tme stories, oongs and sleetehea of Puget sound 
and other pioneers [ric]. With lllostrotiona by the author and from 
authentic photographs, Seattle; lOOll, 

Bucor, Roland B. 

(«) The northern Mslda. AoieHcnn Jftfiruni of yafurof BUtorif, BuIIc- 
(Ins, toL it, pp. 1«S-174, New York, laOS-iaOT, 

(h) The Shasta, Ibid., pp. 413-419- 
PoiBET, Jaues Owxsr, 

Omaha dwellings, fumllurc, and impUmccts. 5«*ilh#o»ten /sail(niton, 
Thlrlceatk Annual Reporl of I ho Burenn of Fthnolopy, for iSPf-JSPg, 
pp, 20!>-2SS, Washington, iSPfi. 

Dotle, W, E. 

frutinn forts aad dwenJnBZ, Annual Ftfori of the BsillAsonton Znsfi- 
lutton • • * for Ihe year iSTd, pp. 4fiO-W5, Washington, 1877. 

Tliii ctfUTBC which Mt Francis Uralt* held from (ho baren of OtuiliilL^ 
In Uio IBouth iwa on the tiflclce side of Kut^Tm E^iiiaiinit to the north w^t hf 
Callfonilft • ^ * In Hatlnj-l, Richard. Tb* prlndpol nuTlgnUcins, 
^ojns^, and diaM-^vcrles of the Ehiirll^ iiatloa * * * In 12 

Tolnmes- G1 b^?bow and NpW York. 

MTkOffp 

Twaniit ChetmiJEiiiii ftnd Clmllain Tndlftiifi of Terri tori?. 

Report o/ the Bmilhioniitn Inetitution for JSE7^ pp. 00fi-6il* Wash- 
Ia|,-t0i4 lflS3>. 

ElliotTt Hejibt. , ,, * . 

Ten yenra ftc^nfllntanoc with AUfikn, I8d7-1^^77. llorpi-ra Monthly 

Ma^oilne. toL S5p no- 330, Now York* 187T. 

lUJJirtT. T. CL 

See Wqie. 

FA anA JfP, IJTiaO&TOX. 

Article Nck Percf%^ /a Handbook of Ain-tricain lndlhiu^ SmUh^Onian 
fiffrcflM of AmerfCdii Ethtio(ogttw /liiRelfii 30. imrt 2, Washlns- 

toti* 191(X 


480 


AN'SV Al. HEMET SMITH BO NlAX INSTITUTIO N, lliSi 


FewkCb^ Jebse Walte*, 

fg> AELtJf]iiJtlE^ df Mtsa Ycrdd NaLfoatit Park. Spni«-trM huti'u;. 
BmiihfffjnUin InMifttHun, Ifuresv of Am^rk^nn Ethnoloffu* BuUolin 
Wjls^titnuton^ lOOD^ 

(&) Frcvlimiiinrj fvpoti of a Tlslt ta the NuthIio National MdnunKnt. 
ArlKaan. Ait^rr-rciaa Bul- 

Ifl'fn ^0, Wa^in^oD^ 1013. 

to) PreJiJsturld Tillage, caatleB and tawerit ot Bonlliwctfterd Colorado. 

ItutiitiHon, Rvrfrum of Americait Ethno^o^i^, HuffrlFn Yp, 
WB£liln$rtDn, 191& 


Fuctctiita, Auce O. 

Artirlo Earth in Handbook of AmoHcaa IndiaDa, SmitK^om^on 

inMUtuttoH^ Bnrtmm of J.fnortoffa 3flp part 1, pp. 410- 

41 Ip Waahlti^toap ISWT. 

Fttrcnni, Alice C., ond LAFixecbt^ FaA?fcnd.. 

Tho Omaha ttibcr ^infIh«oafaa Jnrf^fa^jbiip Tir>ntIi^-act>cnrA .In^fwaf /fe- 
porf of ihd Bureau of American EIAfioFo^p, for pp. 

Wnahlnf^toii^ lOlI, 

VuA^m, SiifojT. 

JotEmal of a yojose from thr Rock^ mountain^ to the Paclllc co«atp 
leoa. In Boacpeola il^ la Compaipile du Nonloncat RccJbt de 
voyageap lottrca ct mpporta ttiMIts rolatif;! au nord-ooci^t Canadfeii. 
Treml^ro pp, l«t-221p QdebeC^ 1839. 

GiBDOp Gicoiat: * 

{a} * • • on tho ladlnn trlboa of the Terrttorr of Washlni^DD. 

Brporlt of csphruUouM and nirrcpt fo tfJccHnfPi the most practical and 
ecancmlE route for a railroad from fhe MktMis/tippi Rircr to the Padfla 
Ocean itioJe # • . („ tol m^U WaRhlngton, 1855. 

(b> Tribes of wostefn WaahlnmoD and northwe^tom Ore^n. In De- 
pattment of the Interior, U B- QeintTiaii^lcaL and Gcoloflail Surrey of the 
Rocky Monialn refflon^ J. W. Ro^rcH. Ge<i3ojdat la charge, eoMfrffrnWon# to 
to North Aniertoon Ethnoloffi^, vol, 1, part 2, pp. 157-^, TVaahlnmtoa. 
1877. 

Guooaiuj, rtijTT Eaile. 

ro> life and celtore pf tlie Jlupo, UnftvrtH^ of CaUforwia. Pubfioo- 
Horn fa Amerito Arfhtni^tgff and mhitelo^i,, toI 1, pp. a^98. Bericeler, jwm 
(*) The IbdJaiu ef Uic aoothwftrt, Jmertena VuMrum 0 / Xeinral in,- 

tfiri/. Handbook No, New York, 1013. 

CrHEinEB, Hum, 

WATEEua?r, T. T. dnif Gazi.YSL 
llALBL HOBATlO. 


EUmot^pltr nad Pblloloej • • * fa Cnlted States Eaplorlae Ex 
pedlUuii diiribg tbe rears 1S38. lS3n, 1840. iWi, is*2. cgnito._i 

pf Charlie Wllki!*, U. S, N., toI, ft pi». IJH-^ PUIodelpbU, 1846, 
llaWawioK or Amewias Ismas# Noarir or llnico. SiwllfcsmMffa Ja.Hfun™. 
ifartoB of imerfcaa Ethnobvff. Bitllrtim 50. edited hy Fiwfertek w«mI 
Hodge. 2 ralmnes, wajdilogtoij, 1907, loift ™wnw Webb 


iTjTiirr AAwjLAnvKK. 

The mnniwcrfpt Journal of Alesoindet nehiy. fnr trader of the 
Con.i«»or. 1700-1814. In Nwr Light o„ the Early 

roTZ. N?w 


titD]AN nwElAA^UE -WATfiMiAX 


481 


HlLIr-T«t?T, C, 

Brilisb NoTtli Ann-^rlm. I, Tbc Fftr the home of tho Sallflh Ahd 

Dfuf. N^tlvo Rdcit^ of Iho British iSmrJro’" aeries. [iOhflon, 1007. 

ITodoe, F. W* 

Article KiTAp^ In Hnailbook of Aineriam luiltaDS, ^Riffhaortian 
tton, BHrsas of AmrHmn BuUe(U SO^ part 1, 1007. 

U0L:^rEl3, WJIJJAM UEZTftY. 

Anthropolo^ieo] ehldleif la CaUf^mUl- ^mffliiOJihin InitmUon, Report 
of the U. National Mu^ouia. * * ^ for * * * fhe ending 

June JO, /OOOt I^X lES-lSfp WAJ^hlnetoo, 1002, 

HoiJQQ. VfAirrtA. 

Explornttoa of tt pit house TlUaife at Lana, New Mexico. Smithsonian 
/lUlfftiNofl, IVocccfitfKp^ o/ tho Nttiiomi IfuMeum, tol. Kip pp. *00-401, 
Wtt3ilLiJia?toa, lOio, 
liivixo, WAsatJfaTox, 

Astoria, or, anoedotce of an entorpriao bcj-and the Hoeky oiouiitalEis. 
Two Yo1ain0i=E- PliUadeiphtn., ISStir 
Jaues, EliWiJ. 

Account uf laii expcdltloti from plltshtiiw to ihe Bocby moiuitalni pet- 
furmoi] in the yetti^ ISIO, 1S20 ■ * ■ CouplIM from the notes of 

Major Lons, Mr. T. Soy, and other sentlemcii of the party. Loadca, 1823. 
In Earlp \r^:irfrrn TraceJ#* Reuben Cold Thwaltew^ edltorp roK 14-17, 
Cleveland^ 1U05. 

Jtwjti-i Jonx. 

The uditTitiirefl of John Jewht, only Kunrlvor of the crew of the ship 
BoMton, dtuins ti cuptMty of oearly three years otnoiis the Indians of 
Nuotku sotiuil hi Vnncouier lahmd. Edited Dy ilobert Bmwu. Ijoiidofi^ 
1800. 

JoCiLD^^fH WALDClJAa 

Tike material culture and social of^anotation of the Korynk. JtntericuN 
ilUMeum of Natural //»/ory» Ifonoffi, rol. iCt 2, pp. 452-08 (IU»priDtiNJ 
from Bu6;rcwffofflr of thir JrsKp North paeifle E^podition, toL % part £)* 
New York nail Leyden^ WOS. 

JlTO, NMIi M. 

ArehA^olo^cul InTcstlsatlcma at E^ragoimh, Utah. Smitheomtm 
MiKcllaneinit CotievHnnA, voL 70+ no. tl, Piibllnilion pp. 1-22* Wih9h- 
InstOQ. 101 l^r 
Kane, Padl 

WuiiiltTltma of nn ortlKt umong the Indians of North America. Loa- 
den, 1855). 

KELi.tv, Wall J. 

A ^iieral circular to nil i^rstma of good cTuiriicter who ivish to eml- 
^raio to tise Oregon Territnj^^ • • • By order of the Ameflcna So¬ 
ciety for eneotiniBlni! the settlement of the Orcffon Terrllory • • • 

In^titnteil la ftoston, A. D. 1^. C.Tinrle9ton+ 183L 
KacitncM^ A_ 1* 

ILaadbook of the C^illfuriilii ludiuim, {In presi.^ 

La PEHOL'ttKf J. K. O. PE 

A vnynge round tlje world !□ Che yenra 1785p 178dp ami 1788- * * * 

Three volnraes, trlirifllated from the French. Lflnd4Mi+ ITOS. 


4S2 H(5PC>RT SMITHSONIAN CNSTITUTlONp im 


IjEWla A7TD CUJIK. 

Original iouriimla of Uie I/ewla and Clurlc ea^pedltlon, lS04-lflWl Print- 
M fmm ih^ ciriginul timiiiu9erLptJ^ in tho Library of tlie Ainfrinn PlilliV 
soplUcal Snctofr and hy direction of Its cummlltDc oti lil^orlcnl doeil- 
mantli, tn^tber witb iiiauiificrl|>t material of Lewis and Clark from other 
IncladLng notebooks^ letters^ majKSp ete., and the Joiuruils of 
Charles Floyd nnd loseftli Whitchonse. Now for the first time publLsheli 
in fu^l and exii<dlr aa written, lilted, with IntrcHlnetlDD, noiea, hdiI Index. 
by Beuhea Oolrt ThwiUte*, U*, I>. Kli^ht yolnmes. New York. lOOI. 

Lavu, Lr^wiEixYN L. 

Kthnoceojfrnphr and mretneolojnr of the WJyat territory* J7Hti7erYiiltr 0 / 
CohYoTTifOp Fii&rfniflon« fa Arnsrhan StAtidToffy, vciL 14, 

pp. 221-^138, Dorkeley, Iflia 

M\TT«EWB^ WABiilNaTDlt. 

The earthdodge in nrt. American Anthropologist, nA, toI 4. No. 1, 
pp. l-12p IGOi 

M^^SMiuAir (Fdnt ron Wredi- 

Travels In the inteiior of North America, 1S32-]B^, part 2. In ^orlv 
iretflcm Troeeftp Elenben Gold Thwaltea, editor, toL 23, pp. 

200-272, CleveLand, IfflW. 

Moakes, Job re. 

Voyagea made tn the years 1T33 and 17 ^m China to the north west 
coast of America. • ■ ■ xwo yolumeo. London, ITOl. 

Mt^rnELETT^ CosMoa. 

M Ahorlglnat remulna tn Verde vaLloy^ ArtkOnO. ^pnilhROfiian /n4ti- 
tvfion, TH{ri0tnth Aatiiuif 0 / the bureau of Eihw^lo^, pp. 

JTP-SCi, Wiuhlngton, Ism. 

(&) The cliff rnbia of Canyon de Chelly, ArlEona, SmUhs&nim Ifutiiu- 
lioa^ Aftniuar Report of fAe Bureau vf Anterkun EfhnrAoffp. 

pp* TS-lSSp WnahtOgton* 1SS7. 

Ul^VPELETF, TzCTOIE. 

A Ktndj of pnehlo orcJiJtectare: Tneayan and Glh&la. ^follAionfan 
/PutrrKiron, Eighth Ahnuaf Repori of fAe UtirroH of Eihmblnsif, SS8^S7, 
pp, Waahingten. 13SH. 

MoEOAn, Lxwin IL 

Honses nnd hDOrie-lLfe of the AmerLcaii ahorlgtnea, U. S, DepartiaDiit 
of the Interior, Geographical and Geoioglcnl Snrircy of the Har\j Moun¬ 
tain rt'irlon, J, W, Povreh, GeoTogli^t in charge, f'ontrthMtrona £0 M>rth 
Ameriwin KlAnoIOjirph voL 4, Washington^ TSSL 

MeuA* G. F 

Voj-agea from Aaln to Anurlca for comptetlng the dlacoTcrlea of the 
norfhweot coniit of America, 1706-17§3. Flcit edition. London, 1761. 

Mukooclh^ John. 

CthDoloelcBl mmlts of Uic Point Barrow eipedltloa. (Imoroatlon*! 
Polar Eiiwditlon IQ Point Barrow, Ala.-**, 1881-1883). 8i«ffAaoii(o* 

jivtlJniroii, Ninth AnniiaX ^oporf of ikt Bureau <►/ JtXtAnoXoov 

PI*. 8-411. WMhiaetoii, 1802. 

Nelsos, N. C- 

nninan oqIioto. .VoloroJ BUtnrv, ^oL 10, No. a pp. ^ork. 


INDIAN PWM-UNG&“waterman 


483 


NlliLADS.|, ALU'EV'T r« ifcj. 1 j -L, ■* II 

Tlj« com laaimiiB «f iKHitherti Aliuifea Mifl imrUieni Btllteli C^lambla 
• * • SmiM^anlon /aaJWttfion, Report Of U. S- yoiimol Mvtotoi 
. • • ■ * • iSSS. pp. 22S‘-S8e, WashlnEtoD, iSM. 

NoimCNBKlPU, G. , ■.ono 

Cllff^weller" of the Hosa. Verde, ftioeltliolro end Cliliasa IfiM. 

rAAEUA!(^ FieAil<?IA 

The Orepon treiL Sketebes of prairie nail Rocky Mountain Ufo. Iloaton. 

1010. 


roBTiJocK. JfiTnAsnet. ii. 

A Toyam round tbe world, but more partlcolarly to the northw«Bt 

coiBBt of America, pcrfesmied to J'SIk ITSO. 178T. anil 1«SS 3n Tko Ktop 
Ocorpe and ftuw* C’harJotte. Cuptalne Portjoi* and Plxon. I^ndon. ITS*, 

rowaas, Srafflua. , j 

Trlbea of Callfaruin. IF. S, Interior Deiwrtmcnt, GcoprapUcal and 

Gcoloiflml Snirey of the Rocky Mouatutn Rettion, J. W, Powell. Geoloclst 
la ebnrae, ConlHbutloa* io Xerih AmeHea* SthMlopp. wL 3. Wwditoetoii. 
J87T. 

ruTSAu, y. ^ 

Reporto upon arcbffio1ost<^ and otlinoloBlcal collectlono from the 

Ttdnlty of Santa Barhara, California. • * ' Bnpiocer Department, 

U. 8, Armp. Report opon 0. «. OeoprapWMl Surtepo wett of tKo Oae 
Hundredth MorUian, fa charge of Firot Lieut. OcO, Jf. Wheeler, toL 7, 
WaahJn^D, 18TB. 

!l£DWAft0'r 

Article ** Takelma.” la Handbook of American tndSana, Rmftheeafrta 
IiMtfluihMi. Burcda of American Rthnology, RuUetin SO, part 2, lAaahlnB- 
ton, lOlO. 

SRontNU, Loma and FLOwexca. _ 

Indiaae of the Northweet VMverrttp of Pennoptxvnia. The Muteum 
Jommat, Toi 4, no. 3, pp. Tl^. PhlUdelpldm, 10*3. 

ScntriCACuaa, Paul. . „ , „ 

AboriBtnal acttUnneats of the PacllJc coant Popnlar Refence JfonlWp. 
toL 10. pp. 353-338. Sew Y«wk. 1877. 

SmiTR, H*atA!* I' B , _i 

<o) Arciiwoloey of the Coif af Georgia and Puget Scond- .4«eri«ia 

Hu»enm of .Vnrnrol fffefory. Ifemofr*. wL 4, part 6 (Reprinted from 
FtfkKealfone of rhe /«up yerth PariKo Ifapcdflfon, toL 2, part Oi, New 
York anil Lcjdca, 1007. 

(b) The arehieoloCT of the Tnklnia riilley. Amerieaa Muteum «f Ne*- 
ursi Ntttonf, Aulhropelopipa* Poper*, roL (k part 1. pp. 1-lTl, New Tork, 
lOia 

srieroca, Uemwat J. , . . , 

The Nca Pered Indiana. America a Aathropolepfeal Aeeeriatfoa, IfemelrA. 

Tol. 2, part 3. Lancaster, Penn-, 1008. 

grrl ^ P EJIi w . 

Aortcht lodgc-stlea on the Mlawmrl la Nehraakn. American Anthre* 
polOpltf, u. A, Tol. 10. PP^ 12»*137. lOld. 


4S4 


AiJi'NUAL REFOHT INSTITUTION, 1024 


Sw4JTi Jailes G. 

(а) The Northwest *r, Unwe r^ilA^Djat! In WashiB^ti Tvrri- 

tOTj, New YotIEt 3SEf7* 

(б) The IniltAiis cif Cnpe flntterr at tlie eatto-iiioe to the Strait of Fuqv, 

WoBhlnKtoQ Terdtoir, &mi(hM<^nt4A Co^trihufl^nM It* [nam- 

horl 220 * • * Yoh iO, art. 8. pp. 1-108. Aceopteit for pubHcatloa, 

Juco. ISOS. AVfishinirton. IBTO. 

SwAJiTorff, JfiiMsr Jl_ 

Cootrlhutlou^ ID tlio ethnolof:; of the tIaSida. ^meHean JfiueuHi of 

jurat vol. part 1 <ILeprlnt froni o/ the 

i/fAup N^rth pacific Expedition, ral. pixt 1}, New York and T^ydon, 1000. 

^fEIT, JJIUI^. 

The Thoaip^oa lnijlmiu« ot BriLiiib Coliimbia. ^mtrrfeaH of 

Nolurol nutor^, JfewOii*#, vbL 3, tairt 4 pp. 107-300. of 

jhj Jejiup yorfh Facif\c ExpedUion, toL IK New York odd Le^deiii 1000. 

TnoMiw?f, Davib. 

DaTid TbompsK^a'B aniTBUTie of Wa explorftliiiiiii la wed^tem Amerlea, 
IT&l-lSm Edited by J. B, Tyrrelt of tho ChomptoiM Eo- 

dotu, Tol. 12^ ToroDto, 1010. 

TiJOMrHON, ifr*, 

Tq thp AmerJeAn Indtha [jrl-ffli EarelcA, Caniarniil, lOlO. 

Tfii.feK, Pathick Fiuseb. 

Historical view af thu ot dlACOvery oo the mhre aoirtbelri:i 

coflAto of Aiiierlm from the eurlU^i periml to the [ire;Heiit time, witli 
descriptive Bketches of ihe nAtuml hLstO’ty of the North AioerleaD refl1oni=. 
by Jnmoa to which Is added on appendiXp CTntnTnl u g; reoiarks of 

a late mcrnolr of iJetwfliian Cabot with a TLadlimilan of liichard. Hakluyt. 
Second ndtloo. |i;din1kanpi) *nd Loadon, 1733. 

VA?io(HniESi, Caph Gusroe. 

A voyAKo of discovery to the NortJi rnclhc owan ^ • potfonaed In 

die yeara 1700, 1701, 17^^ 1703, ITIM, and 17B3, In th^ BixCo^^rp alwktujf 
war and the arined tender UhathnnL Three yolumi^ l; 4 ndon, ITOS. 

VicTfift^ kTri, FhA^cEA Fitixea. 

^'Tho Hirer of the liV*i*st,'" X4fe And Adventure In the Boeky Monniaina 
and Orr^tunp embracLnag; ereats la the llfe-llnie of a moanlnla-nian and 
planetT. with the emrly history of the northwestern olope, Lucludiae on 
acconnt of the for traikm, the Indian tribes^ tlie arerlaad Inimigratlon, 
Iho Orofiob lalstdoaH and the traii^i: fate of Rev* Dr. WhUniAn and faadly, 
A 1 », a description of the country^ Its eomlittons, prosiscetd and reaiieroes ; 
l<A uoB, olkiiAte and Acoiicryj Ito monntalmv rlvorw, vnllem dcaerta, and 
plAloA, Us inland waJi-rn and ixAtnnii wandens with nomerotta ensrnivJaE^ 
PnlklMheil by mibBcrJiitlon only. Hartford, Conn., Newark, N, J,, Toledo^ 
O.p and Son Fmnelkkeo, OiUL, 1B70, 

Vox l^iAKCBSOKFr, G. 11. 

Voyoges and tm relit Jn varioua ports of Iho world dnriag the yvAts 
ISOCl. BW, im and l&tJfT. 2 volnmes. London, 1314. 

VoTU. II. IL 

Tlic Oralbl OftnOl ceremODy. Field Voltim^ian JfsjiruiFi, Anikropotoffioai 
J'libUrirBoii 84+ toI. No. 1, Tln^ Stanley MeOortnlck IIupl EinotlK 
tiem, ChlcflK^^ lb03. 


rCTDlA^ DWELUNGS—WAISKMAN 


485 


Waterman, T. T. 

yivten en Ytirok cullurfl. Jfui^uin of tAir 7ntffait> Ucys Poun^ 

tfct/ion, Ifoito^aphjp YdL Yll, No. 4. Cla jircss.) 

Watwian, T. T. Rud Gkotces, Riroi. 

ladlBi] hoiisffl of Sound. JtfHAOKm of iKo JxneHc^n Indian, 

Foandationt, Indian UFote* and Uanoffrapht (&)» New York, 10^. 

WlCKEEBnAX^ SxUtA. 

ta> Jftirimese Art m Puifol io^eHcRM AnUonariant roL liS, pp. 

4T-40, 1SSJ3. 

<&) Pueblos OB tiiic Northwest coft^t AiiffcuRWatiL, toL IS^ pp 

21^24, lS9fl. 

Wilkes, Chaulke. 

NarrEtlvo of the United Statoa Explorlni: Expcditioo dsTlos the jnrs 
]S3d, 1S40, 1B41, 1942> by Charles Wilkes, H. Su N.p eemmaiidar of 

tbs expodttipn, Plv*c Tolmne^ and an attasL FhLIadslplils, 1S45. 

WfASLEK, Clarr^ 

Tho matoiial culture of tbs North American Indians, In Anthropolo}^ 
in North America, i-ditcd by Fmna Bobs; pp *tl-334^ New York^ 1915. 

Wonic^ Jdhr. 

JonmaL of Joiin Work, tS34r-lBU0*” edited by T. €L JtlUott. WoAhinp' 
toil iftfltorfcal Quarlorip. The WmediliiBlOn Unlirdrrfty fjitl^l ^tlntc Histori¬ 
cal Sodoty. voi. 3, pp. 10S-2SS: toL &, pp. S3^115, 2S8-2ST; voL 6, 

pp. Beattie, 1908-1015. 







SrtiLliliflnlfth WflEeffllAn 


PLATE ( 



J- Ah OnBWA WiowAm iH Minnesota. The Habitatloh Is Covered 
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2. An Elongated wiawAht. Larqe Encuok to accommodate Fjftv 
PEOPLE. AS Found Amono the mendmenee. west of the Great 
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Li A LQfiQE or Birch BAf^Ni Buelt BV PASSAMAQUoaDV Ihoians ifi the 
GHGUI flbS OF THE SMITmSOMJAN iNSTlTLiTION. WasHINQTON ITS FAITH¬ 
FUL RE&EMeLAHCE TO ThE OlD STYLE HaIIITATIONS IE HEliARKASLE. 
It WA5 BBECTED ENTiffELY WITHOUT NaiLS 

fPJjQtojPq|ih tijf I>i‘LiLnwy €jj|l, liy fOiiirtrwy ii[ ;i[r Burpmi AffirtMniit Etliqglu^gy) 
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n' 4hr AEtwrkmh EtSqaiufcoiyi 
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A FAMCnis Fndian Town of Early CO>lOnial DA¥S[ the Vill>oe Knc^wei 
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Vfvm Tti^mw llurkil: A lirlft ftml Inar ref^t cif thr iww-tMajiil Innrt Vlrpaiilj^ 
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I. AVlUUtaEOF "EAflTH ON THE PLAINS. FROM A PhQTSQRAPH 
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IMlet D. T. HinJimlMr.. UtrfUiUlk tliA ieiiurlM|-flf Ihi^ flun^ns sf Ameffctm FrlhiMr^Jh l 
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IN Arizona 
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THE IhtPQSkHQ WALL& OE PUEBLO BOHITOk PHpTOOflAPKED AFTER A ShQW- 
9TQRM. ThIH STHliETURE WaS A VeniTABLE FdHTRESS. NtmE OF THE 

Modern PliEolCk^ Are 90 Unified ob Compact 

i; Plii^ACrapli fwnm Owi mlln^kiiii nvf 1h# Deuhh ef Anwrfrwi KUiruilwl 
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2. HOUSES flF THE ORIQlHAt AlEUTIAM (SLAMDERS. ThE SiMILAHITY TO 
THE EaHTN LOiMES Of THE PlATEAU AnD THE PlAIHS I3 REMARKABLE 


JnOifj Cwfc: A VoyiEO tfi Ohwin^ Qix*n^ Lenrlen, 1-Mi 
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U A EStAVAJO "Hogan/^ a Coh4CAl Earth-Covered Dw£llino 
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THE KATl’RE OF LAXOUAGE ‘ 


R. Ii, JONts 

thn jlriv^rlran rArtijaAoiie aud Telcffraph Catnpanp^ 
end the tTctrcn* IfJwfrfc Uompanp, Infvrporatcd 


Primitiire man, when ha wished to oonununicato, probably oi- 
praased himself by grimaces, vocal sounds, and gestures. Although 
each of those three agenciea U still mmewljat employed, the combi¬ 
nation of voice and ear has been subconsciously evolved and has 
survived as economical, most flexible in its capacity for variation, 
and superior in perceptibility. 

According to modern philologists, early utterances were song- 
like and poetic accompaniments of excited or pleasuruide emotion, 
rich in sound and rhythm but without very definite meaning. The 
motives for utterance gradually changed, the process of associating 
sense with sound began, and speech and song came to be differ¬ 
entiated. 

Primitive languages, in general, consisted mostly of long words 
irith many difficult sounds. Certain exclamatory sounds came 
readily to designate personal feelings. Echo words, mimicing na¬ 
ture, came to designate natural sounds or the manner or source of 
their production. Names of persons and objects were an early 
development. Moat words, however, have liad a more obscure and 
complex history. Evolution has tended to shorten word forms and 
to drop sounds bard to pronounce or to hear. 

As man’s powers of analysis have developed language hug become 
more flexible and capable of greater range of expre.ssion. The 
grammar of language in general has become simpler and more sya- 
tcmatic. 

Men in different parts of the earth have evolved differontiatod 
langua^, any one of wliich is now based hardly at all upon natural 
suggestiveness but rather upon traditional understandings gntduallv 
accumulated. Each language has ite own system of eremontary 

I minted btlcm thm fpllDWlRii! HctlfiDi of tli9 Afnvrlcu laitltut^ of ^nd. 

rij?™: MllWHiatcrt Jkd. 11, lfl23j 0li^rlAH4 &Ktlgiii, JftJL 13, 10^3 j Wniliifiijitcirti 

Sect Ian, 13, ^prlnt^ ttf p^rtnlMfciQ froto Joianu) of the Am^rii^u 

Ilf KkxtrlcnJ KiidnwrM* April, ie2*. 
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speech soundi^. Since only a iinikeU ran^e wid vuriety of sound:^ 
Lun be spoken^ U is natural that there gltouLd he niany similarities 
between the speech sounds of different languages. The elementary 
sounds of a given tongue are ct>mLined into syllables and words* and 
these in turn joined together into phraser to convey ideas, all accord¬ 
ing to the mutual conventions of the people who use the language. 

The voice alone enabled man to connniinicate under circumstances 
wJiere hia gestures could not 1ms seen and at distances beyond where 
his facial expression c^juld be made out. In our own times the In- 
venlion and development of the telephone hiis marked a new step 
in the evolution of human society, extending the vocal range of man 
to extraordinary degrees. Voices are hourly carried with itLatimt 
speed from one end of the land to the other and it is now possible 
for a speaker to address at one time a million persons gathered about 
him or scattered at distant points* Speech is the load which the 
telephone system transports, and the car is the consumer of the 
product, Alexander Graham Bell, inventor of the telephone, as 
student anti professor of vocal physiologj' gained a deep insight 
into the mechanism of operation of the voice and ear before his 
greatest Invention was made. Throughout his life he devoted him¬ 
self to tlic alleviation of tlie infirmities of the deaf and the dumb. 
Interest in the problems of speech and hearing comes naturally^ 
therefore, to tlie telephone orgonizulionH which bear his tiame by 
sentiment as well as by the needs of their practice* 

This paper refers briBlly to the mechanism of speech and hearing 
and then describes some of the physical data of oral communicutioxi 
which have been obtained by investigations carried on during the 
post few years, A selected bibliography of piildished papers is at¬ 
tached. Much of the nGtalerial brouglit together and MummarL&t 3 <l 
here has ap|>eared in wenttered form in the articles referred to* 

The organs of speech are the lungs, which by their bellows-like 
action function os u motor clement to supply streams of air which 
pa^ m and out through the vocal passages. The vocal cor<ls, the 
tongue and lips, and the CantJea of the mouth, nose, and throat, 
impress on the air flow variations whieh are heard as sminfls. The 
vocal cords are a pair of muscular ledges on opposite sides of the 
larynx which can be stretched and brought together, forijHn*^ be¬ 
tween them a slit of ad jumble width tli rough which the breath 
poMJsea* The ot>eiiing between the vocml cords is called tho ^dottisH. 
The flaw of the breath is modulated to form the sounds of siMecli 
by the vibration of die vocal cords and by the resonant recnforce- 
ment of the vocal cavities. 

Sjmtch is coiiiiMised of letter sounds usually dividctl into vowels 
and consonants, and thnse ordinarily uslhI in'the Englbh lanfnm.r^ 
arc tabulated in Figure 1. So far possible ih^ sounds a^e ex 
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pressed by the letters most oonmcionly used to designete them. Id 
the case of soiue of the vowels arbitrary markings are employed to 
di^ingiiish 8oimcb which arc different but which are represented 
by the same letter. The examples given in parentheses will help to 
interpret the sounds, and it is beheved that for most readers the 
classilication will he apprehended more readily with the symbols 
used than with a system employing entirely different symbols for 
each sotmd some of which would uecessarily be new and strange. 

Classification Of The: Speech Sounds 



L Vaw*L b 


a. ComUk^fiBtionjiL aPid Tr#nftUL&naL Vffw*U 
w-y- OLr-T.-h 

3 simL vow-via 

L-r 


Cori^Oin d 


4, Atop 
Vfllcgd 

s 


UAVOICO^ 

P 

t 

R 


haaflLLEed 

m 

n 

"S 


J 

9 

FtUalivf Conaonftnts 


FotmaiLan of Stop 

tLp Lip 

tomgutf Against ladlLli 

hard paljta 
ton^Lia a[|aLnst palate 


V a L17 ft 

V 

Z 

UT(then} 
£h fazura) 


Lm vaLejif 
f 
3 

lit (chin) 

S»i 


Fertnat^Lo-n of Air Outlet. 

Lip U ta«U 
t a m th to ta atJh 
t«n^u« to teeth 
ton^ud La hard pa Late 




Readers familiar with phonetics will easily be able to express these 
$omida in the international phonetic alphabet or in other jyatems of 
phonetic symbols. 

The classified letter sounds are thirty-six in number. The vowels 
and consonants may bo clnssiGed phonetically into (d) pure Towels^ 
(&) transitional vowels^ (c) acini vowels^ ( d) stop consonanla^ and 
(a) fricatire consonants. Referring to Figure I, the triangular 
d iagram at the top of the table re presents the fi rst two classes. TThe 
a vowel is spoken the vocal cords vibrate in a complicated mannciv 











490 A^’St^AL REPORT SMITHSONIAN' iN’.STIXUTlOy, I9l24 

the characteristics of whicli are larj^ty determined by the indivitl-* 
iiality of the speaker. In jfeneraL the fundamental or lowest tone 
of the vibration is rather low in pitch and somewhat lower for men 
than for women. The month and throat cavities, modified by llic 
shape and position of the ton»uc and lips, act as resonators to re¬ 
enforce and amplify the relative stren^h of various harmonica. In 
this way the shape and position of the mouth and tongue determine 
largely the particular vowel spoken. The vowel *‘n” at the upper 
left of the triangle is formed by rounding tliv lips, drawing back tlie 
tip of the tongue, and raising it at the hack in such a way that the 
(hroat is almost clc^d off and tlie mouth is formed into a single 
large resonant cavit 3 '. Overtones of the cord vibration in the vi¬ 
cinity of about 300 C 3 'cles a re strongly reenforced. As we come down 
die left-hand side of the triangle, pronouncing the sounds indicated, 
the lip opening widens and the jaw is lowered. The tongue is still 
laised at the back, and we have single resonance until the bottom 
point of the triangle is reached. In pronouncing tlie sounds 
and “d” the tips arc wide open. Willi the former tlie jaw is 
dropped, the tongue Is only slightly raised at the back, and the must 
prominent reenforcement is in the neighborhood of 1,COO cycles. 
With the latter tlie tongue lies flat in the mouth, and the mouth and 
throat form connected cavities of nearly eijual size. There is double 
resonance, the two reenforced tones Ij'ing in the region from about 
300 to 1,200 cycles. As the vow els on the right hantl side of the tri¬ 
angle are pronounced starting upward from “a,” the separation of 
the lips becomes smaller, the tongue is raised in the center, and tlien 
further forward. Tliese vowels are all characterized by double reso¬ 
nance. VVitli the sound " the lips are drawn to form a wide slit, 
the tongue is raised in front until its ridge is closely opposite the 
roof of the front of the mouth. The tongue is drawn forward so 
that the back of the mouth and the throat form a large resonant 
chamber. The smaU tubular space over the tongue at the front 
leads from the larpr space to the exit st the lips. 1’he two fre- 
i]U€ncy regions, which are characteristic of the sound “e,” are in the 
vLt:Liiiti€?aJ d-f aOD tmd i^,500 fry^hs. 

The transition vowels or diphthongs arc those formed by passing 
from one vowel to anoUier. For example the sound **1” ig pr„, 
nouiiced by forming the mouth as if to say *‘a ’» and then rapidiv’ 
paosing to the sound “e.” Similarly, the sound designated bj' tlie 
letter “ w is made by forming the mouth as if to say “ u ” and then 
pB.ssiri|r smldf’nly to nnj nf the other pure 

Ordinarily when pronouncing u vowel the glottis opens gentlv at 
the Iwginning of the oonnd, and the controlled passa-e of 
produces the somid. If the vocal cords are separated" initial L 
such a wny that the glottis is o|h!u and the sound is be^un by rather 
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forcible eApuiaioQ of breath, the letter is preJised to the voweJ. 

L ” aod r partake of ssome of the characteristics of vowel sounds 
and are usually clasaided as semivowels. 

The stop consonants are those accompanied by the forooiation of 
a atop in some part of the mouth. For eAample^ and “m ” 

are all charactenzed by a stop formed with the two lips. The con- 
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ANALYSIS OF VOWEL SOUNDS (SUNG) 
Fia, 2 




sonant sound is simply produced by pressing the lips together 
and tlicn speaking a sound which b begim by having the breath part 
the lips i»:»mewhat forcibly. If the vocal cords are vibrated at the 
simie time, the sound " b ^ Is produced. Tliis accompanying vibra¬ 
tion of the cords is the cbaracteristio difference between ‘^b^ and 
p.” For the sound ^ m ” tlio stop is the same and the cords vibrato. 
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The soimil is rniiiai. The lips ar* pressed together and the 

breath is released throiigh the nose. The stop at the lips is broken 
Vrhm the KQund is terminated or when a succeeding^ vowel begins. 
TJie method of prixlucing the other atop consonants can readily be 
followed from the table. 

The fricative eonsutmnts are char act eri^sed by the rushing sound 
of the breatli through a characteristic air outlet. We have voiced 
and unvoiced consonants among the fricative sounds as well oa 
among the stop consonants. For example, tiic aound "f ” is pro¬ 
duced by forcing the biratb through the air outlet lictwcen the 
upper teeth and tlie lower lip. The sound “ v is fonned in the 
same way except with I he accompaniment of voeal cord vibrations* 
The method of producing the other fricative consonants ia easily 
S5c?en by reference to Figure L 

The speech sounds thus jiroduced in the course of conversation 
are radiated from the speaker and transmitted through the air by 
means of pressure waves. Tliese air vibrations are %'ery tiny and 
e.vceedingly complicated. In physical analyses of speech it is 
usually tiiise pressure wavc^ or their duplicates, converted into elec¬ 
trical vjbrationsT which are studied* Many of thr results here 
dcscrilMjd were obtained, with a certain type of high-quality eiectrleal 
reprotiucing ^stem or circuit as the basis of the experiiEieJits. This 
system consists of a specjai form of telephone transmitter, a five- 
stage vacuum-tube amplifier for magnifying the electric speech cur- 
reiiU, and, to ternuiiate the circuity eitlier a group of telephone re¬ 
ceivers of special construction or an experimental ty[>e of recording 
apparatus. The design and construction of this experimental sys¬ 
tem is such that it ia probably the most nearly perfect telephonic 
rcprocliicing apparDtus so far built Its quality b indistingumhable 
from that of direct air transmission. 

In ^speaking a given letter sound, only the component frequencies 
of the particular sound (i. e., n sort of “acoustic line spectrum”) 
are being CDjiited. By impressing u steady sound on the reproduc- 
ing aysteni mentioned above and by rnptdly inserting in succcBsinn 
suitable aharply-resunant filters covering the range of interest, 
harmonic analyses of the sustained tone may be made. Figure S 
shows the amplUtidc*frequency characteristics of some of the Eng* 
ILsh Toweb obtained in this way. While these results are Lvpica] 
it is to be noted that tJiey represent the vowel sounds as pronounced 
by nnc particular speakerp 

Hut different speech sounds have different components, and moto* 
over the some sound is frequently pronounced at different pitches 
since conversational speech has more or less melody to It In the 
aggregate Speech may bo taken to be represented by a band spec 
trum. Figure 3 represents the “acoustic spectrum” of English 
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ii;S obtninecl from ft large mimtN^r of observations with ai.^ different 
speaker?. 

J^pcecb eneriry extends from a frequency of 60 cycles to above 
C,000, with a maximum at about 200 cycles. The vowel sounds 
carry most of the energi' of speech and their important frequencies 
lie below BjOOO cycles. The consonant are the characteristic quips 
and quirks with which the syllables begin and end. They are weak 
in energyj but very important to good intelligibility. In genetnlj 
they are rather high in frequency^ some of diem involving vibra¬ 
tions going up to a frequency of 6,000 cycles or even higher. ITie 
speech energy output of Che normal voice has been found to be at 
the rate of about 125 ergs per second. 
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In other tertna^ simple computations show that if wo could have 
ft million pei^n? talking steaddy and convert die energy of the 
voice vibrations into heat^ they would have to talk for an hour and 
a half to produce enough heat to make a cup of tea. This merely 
serves to dlustmte that m terms of power or energy human speech 
is exceedingly weak. Furthermore, most of this energy is carried 
by the vowel sounds. On the other hand, the consonants^ ns will 
be shown, are more important to perception and interpretation by 
the ear^ so that energy per se is not so mucli the primary require¬ 
ment of speech reproduction^ but ratJier its distribution, ojul par¬ 
ticularly it^ distributiDn among the higher frequencies. 

Tlie human hearing mechanism is usually considered to have 
three parts. The outer ear includes the lobe, the car canal, and 
Uie drum. The middle ear is a small hollow space conteimng the 
chain of small bones (malleus, incus, and stapes) which comprise 
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ihe mecbiiiiicAl traosiniasion cliain for carrying sound vibrations 
from the ear drtim to a smn]] annular njembrane, the fenestra ova)is 
or oval window. The middle car also contains the muscles which 
condition the drum and transuiission chain so as to accommodate 
the mechanism to hearing under the variety of actual conditions. 

The inner ear k n spiral apace in tlie bony shell called the cochlra. 
This space is filled with Quid. It is separated into two compartments 
by the narrow flexible basilar membrane except at the apex of 
the cochlea where a tiny passage, the helicotrcma, connects the two 
compartments. At the base of the cochlea there is a membraneous 
diaphragm, commonly called the round window, located on the other 
side of the basilar membrane from tlic oval window. Within the 
spiral casing and terminating on the dividing membrane is the 
multitude of terminals which connect with the hearing center of 
tlio brain through the auditory nerve. 

Sound vibrations are transmitted by the stapes through the oval 
window to the inner ear. At ordinary frequencies vibrations are 
transmitted through the fluid to a proper distance along the basilar 
membrane (the appropriate position depending upon the frequency) 
where they are passed through the membrane and sensed. The 
excess of vibratory energy traiiamittcd to the second compartment 
is relieved by the flexibility of the round window. The pitch of 
a simple tone depends upon the position of maximum resjmm^ 
of the basilar membrane—high tones near tlm base, low tones near 
the apex of tlie cochlea. The brain is believed to detect the pitch 
by its experience in associating tones of different pitches with the 
stimnlation of different nerve groups. When the pitch of the tone 
IS very low, the fluid is moved back and forth around the basilar 
membrane tlirough the heliootrema. Such impulses follow each 
other so dowly that the stimulation of the nerve fibers thereby 
profluced is not of the type commonly recognirod ss a sound sensa¬ 
tion. If ilie pitch of the tone is sufficiently high, the vibratory 
impedance of the ear niecb&uism is such that little or no energy is 
conimnnicated to the iniiDr car, and in that event also the nerve 
terminals are unaffected. 

Ihr transmission efficiency of the mechanical system Jinking 
the car drum with the basilar membrane is not equal at all fre¬ 
quencies, and its operation varies also with the intensity or loud¬ 
ness of tone. Changes of intensity are probably detected either 
by change in the amoimt of agitation of the nervo terminals or 
by bringing into play wider zones of nerve terminak in the vicinitv 
of the greatest vibration. The marvelous delicacy of the ear mechu 
niam is called to attention when one considers that, in the avetaee 
cose, the basilar membrane by means of which all of these varioC 
tones are sensed is only a little over an inch long. 
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Figure 4 is n plot of auditory sensation for the avermi;^ human 
ear. The lower curve shows tiie sensitivenes of the ear for sounds 
of different pitches and is called the threshold of hearing. The data 
were taken by measuring the least sound which could just be heard at 
each of a number of frc<)ncncie& The sensitivity is measured in 
tenns of tho minimuin midible sound pressure while the frequencies 
are arranged according to musical Intervals (logarithmic scale). The 
upper curve shows the extreme values of loudness at which the e^r 
begins to experience the sensations of feeling the vibrations. Tliis 
is the threshold of feeling and may be considered practically as a 
maximum audibility curre. Sounds much louder than these are 
painful. The two curves enclose the area of audition. The data 
have been extrapolated at high nnd low frequencies to tho points of 
intersection* the extrapolation being guided to a certain extent by 
other available information. At frequencies in tho neighborhood 
of sixty cycles a high intensity h felt as a sort of Sutter As the 
frequency is lowered still further to the point where the hearing 
nnd feeling lines appear to intersect, it is difficult to distinguish be¬ 
tween the two sensations. For frequencies lower than thia it ia easier 
to feel than to hear the air vibration. A similar intersection of the 
two curves occurs at a very high frequency. Tliia appears to give 
a logical basis for denning the fi-equency limits of hearingj and os 
scon from the plot they are about ® and 20,000 cycles respectively 
for persons of average hearing. At the lower and upper limits of 
audition it takes about a hundred million times as much energy to en- 
itblc one to hear as it dees in the range of 1,000 to 5,000 cycles where 
the ear is most sensitive. At alt frequencies the energi' required is 
small, and in the most favorable region the minimum audible tone 
corresponds to a pressure change per square eentimeter of about O.OOl 
of a dyne. Tliis pressure is rouglily equivalent to the weight of a 
section of a human hair about one-thousandth of an inch long (about 
one-third as long as its diameter). 

In the portion of the audible region most common]j used, it is 
fmind that the smallest change in the intenritj of a tone which is 
Just discernible, is equal to almit one-tenth of its original value. In 
other woids, in general the law connecting loudnr^ dbertmination 
with the energy of the lone is a simple logariOimic one. It has been 
proposed that change in loudness sensation be measured in units such 
ihat a ldudnf?fis change is equal to ten times the common logarithm 
of the ratio of tlic energies. 

It has been found that the law of pitch sensibility is approximately 
logarithmic also. The fractional change in frequency which is just 
perceptible is equal to about three-thousandths over the greater part 
of the ordinary mtislca! range. The ear perceives octaves os some¬ 
what similar ocunds. With these and other facts of hearing in 
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mind, it has been proposetl to ihl'iisu™ pitch seusation on a scale 
such that the pitch of a tone wilt he given by one hundred times 
the Infpii'hhin to the base two of the pitch number or trwpiency. 
These sensation scales of loudness and pitch are gi%'en on Figure 4 in 
addition to the physical scales of energy' and frcfiuency. From the 
observations made on intensity and pi toll discrimi nation, it is pos¬ 
sible to sliow thill approximately tliree Inindicd thousand different 
pure tones are separately distinguishable by tlie average car. The 
numlwr of ctunplei sounds which can be sensed is even much greater. 

Tlic nonlinearity of operation of the ear gives rise to a number 
of inteivsting hearing piienomenii. ’W'^hen a simple tone is made 
very Intense tlie vibratory efficiency of the middle ear and cochloa 
are no longer constant. This gives rise to harmonics which cause 
the basilar membrane to vibrate In otlier zones than that charac¬ 
teristic of the fundament aL If a eccond intense tone of another 
pitch is now inipiTffiScd, its harmonics are also introduced. Under 
some wmditions combination tones appear having fr«tuencies whirli 
are the sums or differences of the fundamentuls or harmonics. 
Some of the combination tones may take the form of licats. Such 
harmonics, oombination tonea, and beats are purely subjective effects 
bi-niight in hy the departure from linearity of the vibratory mecha¬ 
nism of the interna) ear. 

Tlie masking of one tone by another is a Bccond effect of intet^. 
An intense low tone is observed to mask or obscure weaker, higli 
tones: hut high tones, even though intense, have searrely any mask¬ 
ing effect on lower ones. The cxplunation offeretl for this is that tlie 
intense Joiv tone, with its subjective harmonica, sets up vibrations in 
the bosilar membrane which extend along the membrane to a eon- 
side ruble distance from tlie base of the cochlea so that vibrations of 
higher frequencies which might otherwise obtain in the adjacent 
region, are interfered with. IVith the opposite state of affairs, the 
high-pitched vibmtionB extend only u short distance from the bnse, 
and more remote portions of the membrane are frBe to sense tones 
of lower pitch. 

U will readily Iw apprehended that with complex tones com¬ 
plicated effects may be obtained. 'VVb'^n such a tone is made very 
loud, as by umplifieation, its tone quality may Im greatly altereti 
even though its composition is in no-wise changed. In general its 
low frequency conijionents will appear more prominent and its 
liigher frequencies diminished. 

lieferring again to Figure 4, the area of sensation most used in 
conversation is repreaentet] approximately by the shaded area of 
the figure. The more intense vowel-lilte sounds account for the 
upper part of the shaded region, while the weaker consonants 
account for the most part for the shaded regions of lower intensity 
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and higher frequency. It is evident that the processes of evolution 
have worked out in such a way that j;4inveTii3atla)] usually employs 
the central part of the area of auditioii. For clear understandinn;' 
the weaker consonant sounds mufit not fall bdow the threshold of 
LienHng nor must the loudest speech sounds rise to such tntcnsitv 
that the threshold of feeling is reached or nonlinear effects in¬ 
troduced. 

Defective hearing is lacking more or less in range of sensation 
{that is either frequency or Intensity), quality of sensation in 
various parts of the sensation area, or in the binaural sense or tlie 
ability to locate the direction from which a sound is received. While 
^ace will not permit a discussion of abnormal hearing. Figure It 
is presented to illustrate the way in which defective range of sensa¬ 
tion may be measured and compared with normal conditions. The 
area of audition plot is again reproduced togetlier with hearing- 
threshold curves, or audiograms, for a person whose hearing is 
pubnormal due to catarrhal deafness. The areas between these 
threshold-of-hearing curves and the threshold of feeUng are the 
diminmlt«d of sensation for the respective ears. The scales 

used in plotting tlie area of audition are such that the area of any 
part of Uie diagram rejjrpsents approximately the number of ample 
tonre which can be distinguished in that region. Hen«, the pro- 
portional part of the whole area in which sensation can still be per- 
™ved may be taken as a measure of deafnea. It is apiiarent that 
the su^ttj retains about 50 per cent of the normal range in tliis 
ca«. He hears and mterpreta conversation with some difficulty. A 
*1?^ set Binplif)nng the speech region to the position indi- 
«k dashed lines would be of some assistance. Certain of 

e weaker ransonant sounds would frequently be low enough in 
intensity to drep below tlie range of his hearing even with this aid. 
however If too great amplification were provided, the energy of 

mibjective distortiorond 
^ght even produce pamful sensations. It U of interest to note 

»^™lincarity is characteristic of some 
tjpre of defective hearing. It is evident that in prescribing aids 
for the deaf, great care must be exercised in order that there mav- 

For the study of the interpretation of speech it » 
be able to adjust at will the loudness of the speech soumk^'^^T 
introduce determinable amounts of distortion. With ^ 

paratus this is very difficult and com^ientlv Vot 
meager results were obtained. The recent dL«i 
vacuum tube and the electric-wave filter make it 
the «,uivula.t of dooirod chuigo. i„ ,|« 
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system mentumofl ixlm™. By meRns of diittortioiiless controls op- 
crotjng on the jimplifier lUc loudness of the reproduced speech is 
raried through a verj- wide range. By inserting elcctric^wavc filter 
m the circuit the speech wuves cun be distorted m known wavs. For 
example, a ow pass filter suppreasing fjwpiciides al)ove J, 0()0 evdes 
IS roMccted in Circuit and nrticidation teste made to fmd the intd- 
ligibihty earned by frequencies between 0 and 1,000 cycles. For 
experimental purposra it is practicable to construct such filters in 
which the suppressed frequencies are diminished hi one^miliionth 
or Jess of the values which would otherwise obtain, while the 


^^AttlcaUUOD—LumdibOKp cli«rKrt«HffUt for p 

frequencies are scatedy affected. Similarly high-p. 
made whn* suppress all frequencies up to a ce^in 
oiiil pa® those above it Such filter structures ai 
proper combination of suitable iuductence coils and 
Studies of interpretation further require an exper 
for measuring tlic ability of the ear to undents 
^ch sounds with dilferent conditions of loudness 
nie method develojK-d consists in pronouncing d 
sounds into tlie transmitting end of the experimenta 
having observers at the roceiving end write tho sonj 
hear, Conipan.son of the observed Bounds win, in 
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the niioibcr and kind of errors made. The per cent of the total 
sounds spoken which are correctly received is called the articulation 
of the syrtem. For these tests simple syllables are used constructed 
in a systematic manner frcmi the 36 fundamental speech sounds and 
arranjred in lists of 5D syllables each. A carefully worked out 
technifiue is observed In the testing. 

Articulation tests have iieen made upon the high quality exixsri- 
mental system without distortion, but with controls adjus^d to 
give various intensities of output from the threshold of audibility 
to values conaidcrubly above the level of ordinary conversation. 
The results ohtainetl are shown io Figure 6. The ah^issas of the 
curve represent loudness and are eiprcsaed as the ratios by which 
the speech energy has Iwen decreased from the initial intensity at 
exit from the mouth. Wlien the volume U reduced to obout one 
tcn*billionth of the initial speech intensity, the articulation becomes 
jccro. This point corresponds to the value at which speech becomes 
inaudible. At about one-thousandth of the initial speech intensity, 
the articulation becomes a maximum. With louder speech than this 
perception is less accurate, probably due to overloading of the ear 
mechanism and subjective distortion. These results were obtained in 
a perfectly quiet room. Wlien tho observer is submerged in an 
atmosphere of noise the speech must be louder in order to get the 
best hearing conditions. 

The articulation data have been further analyzed in such a way 
as to show the errors made at various intensities for each of the 
fundamental sounds. The rcsulta for some typical sounds are 
shown in Figure T. 

It is observed that in general diphthongs and vowels are mora 
easily hoard than consonants, and that of the latter the stop 
consonants are heard with fewer mistakes than are the fricative 
ones. If all the sounds are listed in order of average articulation 
the top quarter will contain no consonants and the lower half 
no vowels. When speech Iwcomes weak, the errors of the con¬ 
sonants increase greatly, their articulation values falling off at 
higher intensities tlian is the case with the vowels. 

There are some exceptions to these general statements. At 
moderate volume the short vowel **e'* is near the bottom of the 
list, but at very weak volume 22 sounds are harder to perocive. 

r,*' and “ ng ” are all more readily heard then at moderate 
volume, but when very weak they fall below it. ‘^L,” which ranks 
with the diphthong “i,” as one of the easiest sounds at moderate 
volume, is mistaken about two times out of three wlien very weak. 

The diphtliongs “ T,” “ on,” and the long vowels; “ 6,” “ii.” “ a,'’ 
all have average articulations Iwtter than 95 and even when very 
tKonr—2f»*—83 
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^ the sounds **tli» 

f, s, and *'t” arc hardest to bear corroetly, and they account 
for more than half of all the errors of interpretation. In general 
it is observed that the volume at which errors begin to be large’ 
IS different for different sounds and is usually higher for the con¬ 
sonants than for the vowela Within the precision of the data, 
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The effwrt of frequency distortion baa been j i_ ■ 

ing several ^etema of electric-wave gltcrs in the 1^1 ^ 

perimental circuit. Articulation i^uJts with Inw 
pass alters are shown in Figure 8. The ordii«id high- 
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coiving end. The abscissas represent the iimrgm&] or cut-off fre¬ 
quency of the filter. Looking at the eurve for the low-pEiss filterj 
marked rticulation the point (1000,40) Indicates that an articu¬ 
lation of 40 per cent is obtained when the system transmits only fre- 
quencies up to 1,000 cycles. Looking at the curve for the high-pass 
filters, marked “Articulation H,” the point (1000,80) indicates an 
articulation of E6 per cent for a sytitcm transmitting only fre¬ 
quencies above 1,000 cycles, Tlie dotted curves show the per cent 
of the total energy in speech tranamitted through filters of the two 
types having cut-off frequencies corresponding to the abscissas. 
Sixty per cent is lost if ail the energy below 500 cycles is eliminated, 
but only 2 per cent of the articulation. The suppression of the 


frequencies above 1,500 cycles reduces the articulation by 35 per 
cent but only 10 per cent of the energy lies in thia region. The sup¬ 
pression of all frequencies below 1,000 cycles has no greater effect 
lhan the suppression of the frequencies above 3,000 cycles. Thia 
i$ quite contrary to the popular notion of the clmracteristies of 
speech. The mean frequency from the standpoint of articulation 
ia about 1,550 cycles. An articulation of 65 per cent is obtained 
when either tho frequencies be Low nr those above that point are 
used. The speech quality rounds very different in the two cases, 
however, in the one being low and dull, and in the other high and 
shrill. 

It should be bomo in mind that naturalness of reproduction, as 
well as articulation., is an important element of imderstatidable and 
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satisfactory spoken ootomuiucation. jks Las been pointed out above, 
althougl) the fundamental cord tones and Imnnonios lying below 500 
cycles carry most of the speech energy, they contribute little to the 
articulation. It has been observed that naturalness of reproduc¬ 
tion is greatly affected depending upon whether or not these low 
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the articuJatJon data then, that frequencies in the lower part of the 
speech range are unimportant, a fuller consideration ju,^lv at 
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Tht curv'fis of Figure 9 show the Brticuhition of some tyi^cal 
speech sounds when the frequency regions below or above the given 
point are suppressed. Tlie ordinate gives tlie number of times the 
sound was correctly obgferved per 100 times called; the abscissaj the 
frequency of cut-off. In each ligure the effect of suppre^ing the 
frequencies below the cut-oif is sliown by the curve at the left, tlie 
effect of suppressing those above it by the one at the right. The 
diphthong “ I, the long vowel and the semi-rowei 1 are each 
jM>rceivcil with an error less than 3 per cent when cither half of the 
fre<iuency range is used. The inter^tions of the tivo curves^ the 
cut-off froEiuency where the artjfulatioii is the same with either 
loW'iiass or high-pa^!!? filters, are at different points in each of the 
three cases, however. 

In the cases of the short Towek ^^o/* end ^e."' the frcquencica 
below IjOOO cycles are import ant to good articulation^ but those 
above 2.000 may be suppressed with little effect. 

In the cases of ihe fricatives and ^4h^^ quite different 

effects are observed than with the former two classes. Some of 
the pecuHar results shown have not yet l^een explained. Even 
if all frequencies up to 5,000 cycles are correctly transmitted, these 
sounds are noticeably impaired by the suppression of those above. 
The lower frequencies up to 1,500 cycles contribute practically noth¬ 
ing to the articulation of and It has been observed, in 

the case of a sj^stem which suppresses all frequencies above 2,500 
cycles, that about 82 per cent of the syllablest were heard correctly 
in an articulntion test, ond that the errors were made up principally 
of failures in the three sounds “s,” and **tli.^^ 

In conclusion then, we have seen that the ordinary ear is an 
e.xquisitely developed organ for sensing minute and rapidly re¬ 
peated variations in air pre^ssure. It can perceive sound waves 
ranging in pressure amplitude from less than 0,001 dyne to over 1,000 
dynes, and in fi-equency of vibration from about 20 cycles per sec¬ 
ond to about 20^000—a range of about 10 octaves. Human speech 
employs frequencies from a little below 100 cycles per second to 
about G.OOO cycles^—a range of about 0 octavos. The intensities 
and frequencies used most in converf^ation are those located in the 
central part of the area of audition. The energy of speech is 
carried largely by frequencies below 1.000, but the characteristics, 
which moke it intelligible, largely by frequencies above 1,000. Under 
quiet conditions good understanding is possible with undistorted 
speech having an intensity anywhere from one hundred times 
greater to a luillion times le^ than that at exit from the mouth. 
Un the whokj the sounds ""f,” and are hardest to 

hear correctly and they ac(x>unt for over half the mistakes made in 
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interpretation. Failure to perceive them eorrcctty is principally 
due to their very weak energy although it ia also to bo noted that 
they ha\e important components of very high frequency. 

These data ore of fundamental importance in the art of elec¬ 
trical communication. But they have also a broader interest and 
utility. The-information gleaned by physicists in the study of 
speech and hearing increases the understanding of phoneticians 
and physiologists. It will aid public speakers, linguists, and phy¬ 
sicians, and help to lighten the burdens of the deaf and dumb. 
Xnv^ligators who engage in the field of human sooustios have 
many interesting physical problems to solve. Furthermore, study 
of these senses, dealing as it does with two of the primary tools 
of the human race, is work of estroordinary oppeal holding fortli 
promise of direct service to mankind. 
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twith 7 tdntw] 

During the first half of tha last oentury, Trhcn the region west- 
wertl from the Mississippi 'was still cleijaed occupied by many 
tribes, for the most part living in their primitive condition, Uttk m- 
fliicticed by contact with the whites, many persons, impelled by 
different impaUes, traversed the country from the river to the moun¬ 
tains. Many, w'hose purpose was to explore the wildarness, left ac¬ 
counts of their jourueyB, but countless others failed to leave any 
records of tlieir travels and experiences. Some, whose talents en¬ 
abled them to sketch the wild scenes, accompanied the various expedi¬ 
tions; others vblted the country for the sole purpose of studying the 
native tribes in their natural environments, to obtain portraits of 
individuals and to portray the ways of life of tiie people with wham 

tliey CRine in contact. ^ ^ 

^cofcssarily the of tlic diffcr'ftn.t ftrtists vatrico. ^ in 

value and importance, but the sketches and paintings made by the 
subject of these notes, J. M. Stanley, were among the most interest¬ 
ing secured during that period. And as mentioned in the preface 
of”the catalogue of his pictures, which he himself prepared and 
which was issued by the Smithsonian Institution in December, 1852, 
the collection included ‘^accurate porlrolta painted from life of 
43. different tribes of Indians, obtained at the cost, hazard, 
and inconvenience of a 10 years’ tour through the aouthwestem 
prairies, New Mexico, California, and Oregon.” Truly a remark¬ 
able collection, and were it in existence at thia time would prove of 
inestimable interest and Ijuportante to the ethnologist a-s well as to 
the historian. Now before mentioning certain of the pictures m 
detail 1^ us trace the movements of the artist during his “ 10 years’ 
tour,” during wliich time he visited the widely separated parts of the 
wcatem country. The following account of his travels was pre¬ 
pared by his son, Mr. Tv, C. Stanley, to whom we are also indebted 
for the photogrivpli of hts father which is now reproduced as Plate 1, 
'* John Mix Stanley was born In Canandaigua, K. Y., 1814, and died 
in Detroit. Mich., April 10, 1872. At the age of 14 he became an 
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orphan and was appi-cnticed to a wagon makor in Naples, N. Y., 
and spent his boyhood there and in Buffalo, 

“ In 1834 he removed to Detroit, and in 1S35 began to paint por¬ 
traits and landscapes. In 183S and 1839 he lived at Chicago and 
Oalena. At this time he made pictures among the Indians near Fort 
Snelling. During the yeara 1839-1M2 ho resided and painted at 
New York, Troy, Philadelphia, and Baltimore. In 184:2, accom- 
panictl by Sumner Dickerman, of Troy, he visited the Indian country 
in ArkonMiis and ^ew Mex.ico and made sketches and pictures of 
the Indians and Indian scenes. In ,luno, 18-13. accotupunied P. 
jr, Bntler, Governor of Arkansas, to a council with the chiefs of 
many tribes to arrange a treaty of peace between those tribes and 
the State of 'iVixos, tlien independent, Governor Butler having been 
deputed thereto by the Government of tJie United States, and having 
i-equcsted the company of llr. Stanley. Tim council was attended 
by General Taylor, Captain Blisi^, and agents of the Senecas and 
Deiiiwares. A (logstaff of Hmsiderable heiglit had beenraijsed. Mr. 
Stanley was painting a design on a white flag to be flung from tliis 
staff. The design was an Indian’s hand clasping a white man’s 
hand. A j-oung Waco chief, ' Shooting Star.’ observing this work 
sug^sted that the head of a bulldog be painted below the hands 
to bite whichever hand might prove treacherous. 

“^In this year Mr. Stanley visited Chief Lewis Ross, brother of 
Chief John Koisii, of the Cherokee Nation, at Bavou Sfenard. He 
also visited the Creek Nation on the North Fork of Canadian Kiver 
whett! he witnessed the Bnsk, or Green Corn dance. 

The opportunities afforded by his constant contact with the In¬ 
dians wore unproved by almost daily paintmg and skctchin'^ In 
attempting to paint the portrait of the Cherokee chiefd Mr. sTanlcv 
fotind a diClicnlty in their caprice and superstition. They insisted 
that portraits should first be painted of Jim Shaw, a Delaware, 
and of Jess Chisholm, a Clierokee, under whose protection Jtr Stan¬ 
ley had been conducted; if thejie men sh^mld consent to sit and 
should reeoivc no harm from the operation, then the Cherokeo 
chiefe wonld sit. It was done in this way. They came forward in 
the order of their rank and were delighted with the idea of being 
pointed, considering it a great honor. ^ 

“ Mr. Stanley spent part of the year 1845 in New Mexico, Bv the 
year 1846 he bud painted 83 canvases, and in January of thui’v^„r 

them in Cinclimati a*nd Louisville 

Jn May, 1&16, Mr, Stanley retum«I to the west and visited kL 
kiik at his lodge, and made portroits of the wife of ni.,.!- , 

of chiefs of the Sauks. In October, 18-16, 11”^^^"': 
paint stiff more pictures. Here he joined the expedition of iT 
H. Kearney, who led the dangerous march overCll] to San Diet^; 
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CftlS-f. He was placed tindop the immediate command of Captam 
Emoryj of the Tej^ograpliical Corps, TJnhed States Army. At the 
mouth of the Gila River they had ii battle with some Cnltfomia ir¬ 
regulars. This was during the time when General Flores, the 
counter revolutionist, held Los Angoloa and Ckiuimodore Stockton, 
in opposition, held San Diego. In this march Mr. Stanley was also 
in the actions at San PasqualCt Calif. In 1&4T he proceeded north¬ 
ward through California, and by July reached Oregon. He es¬ 
caped, moat narrowly, the mas^cre in which Dr. Marciifi Wliitnmn, 
Mrs. ’miitman, and 11 othci^ were killed by a few Indian mal¬ 
contents of the Cayii^ Tribe. He was leaving the mission of 
IValker and Eels at Fort Colville, intending to go to Doctor Wliit- 
nian’s tniaaion. He was stopped by the actions of some Indian chil¬ 
dren, who indicated danger by making gestures to turn him about 
in the way. 

In Oregon he made sketches of l^fount Hood and of the Colum- 
bin River, which river he navigated in canoe for nearly ft thousand 
miles, and later painted two pictures of Mount Hood, He then re¬ 
turned to San Francisco, via Sacramento, and sought to take ft cer¬ 
tain ship for return to Sew York around Cape Horn, but was not 
in time for that .^^hip. It was lost at sea; no lives were saved. Re¬ 
turning on another vessel, he landed at Honolulu, where he re- 
mairuKl during most of the year 1645. During his stay he painted 
the portraits of King KameboJnchft III and of his Queen. These 
portraUfi hang in the Government Museum at Honolulu, formerly 
the Royal Palace. 

Returning to this country^ Mr. Stanley exhibited his collection 
of pictures in 1859 at Troy and Albany, and in the following year at 
Xcw Haven, Hartford, and Washington, D. C. The collection now 
included the portrait of Chief Hendrick of the Stockbridge Tribe. 

“In 18ii3 Sir. Stanley was appointed to bo the artist of the expe¬ 
dition sent by the Government of the ITtiited States to explore a 
^ Route for the Pacific Railroad near the forty-seventh and forty- 
ninth paraltcb of latitude from St. Paul to Puget Sound.' Mr. Stan¬ 
ley joined the exiiedition at JefTer^iOri Barracks, ^fo., where it wafi or¬ 
ganised, but tlie actual start was from St. Paul. Isaac T. Stevens, 
Governor of IVashingtoii Territory, was In cominjiml of the e.xpc- 
dition. In Septemher, 1S53, Mr. Stanley wiis sent on a special mis¬ 
sion to the Piegan and retumen,! with their chiefs, a1>out 50 in number, 
to a council with Governor Stevens at Fort Renton. 

'•The Indians w'ere impressed by Mr, Stanley's ability to make 
pictures of them with his brush. Also the dagnerreotyjjc process 
which he sometimes used was to them a thing inspired because pro¬ 
duced by the light of the sun. 
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‘'In 18M N[r. StRnlej returned to Washington^ where he remainccl 
till 1863^ w"hen he removed to BuiFaio, where he spent a year* In 
18G4 he the painting 'Trial of Red Jacket/ a picture contain¬ 

ing about lUU figures, and hia most important jingle work* 
It is now- hung in the building of the Buffalo Historical Society* 
Buffalo, N, Y, His paintings rDmained on exhibition in the Smith- 
son j an, Institution and only five of the collection escaped destruction 
when the building was damaged by fire* January 24, 18C5/^ 

In the catalogue issued in 18-^2, to vvliich reference has a I ready 
been mude^ lol pictures by Stanley were described. Tbe lost item 
□1 the catalogue was “i52j J. Jf. Stanley^ The Artist. Painted by 
A. SfoDn;, iSiiL” 

The interesbiig old photograph reproduced in Plate 2, reveals a 
comer of the picture gaUe?^ in the Smithsonian Building as it 
appeared before the fire. The larger pictures were part of the 
Stanley collection, btit the smaller works on the left may bavo been 
some of ttie Indian portraits by King and others. It w ill bo romcm- 
l>ered tlint many iniportarit Indian pictures, in addition to tho^ 
w^hich fotmed the Stanley collectioti, were destroyed by tlie fire. 

The descriptiv^e list of the Stanley piclurcf^, which appeared in the 
catalogue in 1&52, was reprinted in the Guide to the Soiltlisoni&n 
Institution and National Museum, 1861,” conset^uenLly it would ap¬ 
pear that no addition^ bad been made to tlie oollection during the in¬ 
tervening ycarsn However, Mr. L. C. Stanley is of the belief that the 
painting hanging near the center of the group, as shown in Plate 2, 
waa u iHjrti^ait of Gov. I- I. Stevens. It was not the portrait of his 
father, the artist, number 162 in the list. 

The collection had evidently been deposited in the Smithsonian 
Institution by tho artist a short time before he became u member 
of the expedition, which started in the spring of 1863, As a mem¬ 
ber of the expedition be made a large number of sketches of llie 
various points of interisst, and ns a novel experiment he carried a 
daguerreot}-po apparatus, probably the first taken up the IVii^uri. 
Ill Uie report of the expedition is this notc^ "'August 7, 1853, Mr* 
Stanley, the artist, was busily c>ccupied during our stay at Port 
Union with his daguerreotype apparatus, and the Indians were 
greatly plea^ with their daguerreotypes.’' (Reports of Explora¬ 
tions and Surveys * * * from the Mississippi River to the 

Pacific Ocean * * ^ 1853-1855* VoL XII. Pt. I 1S60 n 
SI.) 

After tho collection had been dei>aaltcd in the Smithsonian and 
was otjcn to the public, various attempts were made to have Congress 
purchase it for the Nation, hut without success* The pictures re^ 
mainpil the property of the artist, consc<iuently their destruction 
caused him a great personal Iohs. 
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Tlie exact nmuber df pictures in the Stimley collection at the timo 
of the tiro has not been a^soertained. It is quite difHeiilt to believe 
no chan^^es or additions had been made between the yearsJ 1S5S and 
18Gr>. However, it is possible the collection was nia in tamed os a 
unit, exactly as it was when fir^ placed in the gallery of the Insti¬ 
tution, and if this were true it is evident 14G of Stanley's paintings 
were destroyed* 

For certain reasons five of the more important canvases had been 
removed from the ^Gallery of Art” to another part of the Smith¬ 
sonian Building, andj fortunately, the section of the building in 
which they were placed was not seriorndj damaged by the diaaas- 
trcHis fire wdiich resulted in the destruction of the balance of the 
collection* Tbeae now form part of the permanent collections of tho 
National Miiseiim. 

The five paintings now belonging to the United States National 
Museum may lie considered excellent examples of the artist's work. 
They are now described in the order in which tliey were painted. The 
quotations are taken from the descriptive catalogue, prepared by 
Stanley: 

Plate 3. ^International Indian Council. This council was con¬ 
vened by John Ross, at Tal-leqiiah, in the Cherokee Nation, in 
the month of June, 1643, and continued in session four weeks. Dele¬ 
gates from seventeen tribes were present, and the whole assemblage 
numbered some ten thousiind ludian^.^'^ 

Tahlequah, where the great gathering Cook place, was the uame 
applied to the capital of the Cherokee Nation, In the northeoh-tern 
part of the Indian Territory, in 1S3B. It is now part of the State 
of Okliihoina* Tahlequah became &n imporlani gathering place for 
many tribes, and the painting of the assemblage during the early 
sunimer of 1S43, is one of the most valuable and important Indian 
pictures in existence, 

Plate 4. ^^Ko-rak-koo-kias. A I'owoccono Warrior* Tiiis man 
distinguished himself amemg his people by a daring aitcnipt at 
stealing horses, in the night, from Fort Milan, on the wostern fron¬ 
tier of Texas* He suciseeded in passing the siuitries, and had se¬ 
cured some eight or ten horses to a lariat, and was making his way 
to tho gates of the fort, when he was discovered and fired upon* Tlie 
night being dark, the shots were at random, he was, however, 
severely wounded by t%vo balls^ received tw-o sabre wounds upon his 
arms, and narrowly esraped W’ith his life. He is about twenty-three 
years of age, and by this daring feat has won the name and standing 
of a warrior among his people,” 

This Tawakoni w^aiTior may have been present at the council of 
Tahloquah, in 1S43? lus tribe was one of the seventeen repi'esentcd 
at that great gatlicring. 
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PlAte 5. ‘‘An Osage Scalp-Dance. * * * Oti returning from 
the scene of strife, they celelirate their Tictorics by a scalp-donee. 
* * * This picture represents the scalp-dance of the Osagea 
amund a woman and her child; and a warrior in the act of striking 
her with his club, his chief springing forward and arresting the blow 
with his spear.” 

A picture possessing great artistic merit. Tlic ornaments and 
decorations of the Osage are carefully drawn; the many details of 
the picture are quite remarkable. 

Plate 6. “A Buffalo Hunt. On the Southwestern Prairies.” The 
tribe represented in the picture is not mentioned, nor is it now pos¬ 
sible to identify the Indian. The scene was typical of the time and 
place. 

Plate 7. “ Black Knife. An Apache Chief, reconnoitering the com¬ 
mand of General Kearney on his march from Santa Fe to Cali¬ 
fornia,” 

This large canvas, measuring 41 by 50 inches, is sdiown in the old 
photograph reproduced in Plate 2. It hangs on the extreme right, 
third row from the bottom, and knowing its aise enables us to form 
a better idea of the others shown in the same photograph, all of 
which were destroye<l in the fire of January 24, 18C5, 

The destruction of the collection of ltd paintings caused an ir¬ 
reparable loss, B loss which wiU be more fully appreciated in the 
future wben tlie events depicted and the individuals shown will be¬ 
long to the vague past. 
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fWltli 1 plJitel 

Hcrl«£ Winse was bom March 19, 1657, tha^son of C. G. 
an official in tho Ka^y Departnwnt and / 

bis earliest boyhood ho was, togoiher with lus brother Olnf, two 
veare bis senio^, deeply mtorestod in zoology, especially m mammals 
ird birds, and, abovAll, in osteology. He made collections of all 
sorts oIf^ucs and trained himself m their " 

recognizing and correctly interjireting all sorte of fragme ^ 

I ^ nrl topih a training which became of tlio greatest iiiipor 

Copenhagen in 1874 (from the “ Borgerdyd school) and, of 
aronce eagerly devoted himself to a thorough study of 

he took his master's degree in zoology; from 16^1&85 
he was a voluntary aid at ilie Zoological M^wm; m l88o howas 
-l^lnted assistaM in Department I o£ the Museum, and in IS9S ho 
mntprl vice ituspector of this departnujntj a position m tihich 

my prECwtag .tetot he mrt with in tbs wmWr 

rnS'.rrn !;:5 3 : 

mnis, audi«i tUtt “|[J !I,uich mumiI hi. dentil. 

ii»ii«... teptstiy. ^*“7””“; 

"”S) H^^hll .Iwoyn liKlt"! “P •» 

S th« md h. ch.ri.hrd his memory with th. gtMte* pirty, dwlnr- 
I.b.only. Wirt ndlcrtion of him. Wi.«. 
iS. nt mi. ml. in Id. inter yrn-m. I»rh.l» dtghtly «cnli^ m.lm 
“his yoinpr y..rs h. aijoyml sttm-din g, in tmnpmty tritb his 

* ^tlaCt ^I«KI ipf th* «a a^ pq«|*b*a In ll« Arigltwl fonr In 

Acitoiir of ifMhhCHiiiowr, Jt«na 

- omnlfft 0»*r dot Kill Poooho V|«l«i*atw*wo 

1 & 24 *’* CBp^Bbiili»o 1924 . 
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brother^ tb© scientific meetings of the Natoral History Society, re¬ 
peatedly giving lectures there, after the death of his brother he vi'ith- 
drew, Lived by himself, and liad interooiirse with his coLleagues only 
during the working hours at tli© iiiiiscmxij whicli he kept with niinute 
punctuality» It was never poi^iblc to make liim attend aoy meeting, 
Btill less any social gatbering^ He coulil not even think of l^eing 
nway from his home during the evening* In this peculiarity we 
must seek the reason for the fact that l^Huge, who was^ in 1010, 
elected member of the Academy of Sciences, ne\T?r attended a meet- 
jng, a cm!unistrtnce tlaat caused him to be rather little know^n to all 
those who did not get an opportunity' of coming into touch with him 
tljrough their work. But if anyliody citUed on AVinge in his heme, in 
his pretty villa on Tjemolio’s Road^ in Iletteriip, they might be sure 
of a very hearty welcoiiie; and all those who have hud an opjxirtunity 
of knowing him more intimately — he did not in any way shun peo¬ 
ple—commend him ns one of the most high minded ond disinterested 
of mankind. He was so fortunate as to Iw financially well situated, 
so that tho smallness of the salary he received did not mconvenience 
liim^ he cQtild afFotd to provide him-Sflf with an excellent library and 
even to pay the e£x>enses of illustrating his papers when the Periodi¬ 
cal (Vid* H«hh Dansk Nnturh- Forening, ltdbcnhavn) could not 
afford it. He was forttmate enough to be able to devote his life to 
his science alone — he cared little for onything else- He was 
satisfied with his mibordinate position, did not aim nt power or 
honor, and rather preferred being exempt from any official recogni¬ 
tion in tlie form of titles or rank, only wmlung to live as quietly and 
nnnotioed as possible. But when truth and right w'ere concerned 
he did not hold back, and on a certain occasion he did not bcslhite 
to put his ]iositioii at stake, In order to prevtmt something that he 
regarded as improiwr- 

Immediately after receiving hia master of arts' degree, AA^Lnge 
made a trip to I taly and Switrjerland^ a journey which he ever after- 
viards remeuibered with great ^leligbt. But sinoe then he was prob¬ 
ably never outsjide of the boundaries of Denmark* Besides some 
minor journeys in consequence of the inve^i gat ions of the kitchen 
middens from the Stone Age, in which he took part^ he traveled, upon 
llie whole, very little. Only once he went to Kingkubing FJortl, on 
account of Ennibiisch^s investigations there* nnd joined in excursion's 
to “Tipperne^ and ** Klaegbaukeu.^^ The rest of the time he stayed 
at home making small excursions in the cnviroas of Copenhaj^n, 
partly on his bicycle. It sounds rather odd to those who knew 
Winge personally to hear that he Used to ride a bicycle i and it must 
!» admitted that he did not look vetr sportsmanlike in his long, 

black frock coat and large* black, broad-brimmed bat_the costume 

which he always wore at tire museum* os well os on excursions. 
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Tlie I rip to RiogkiJbing Fjor4, ivith Dr. S. Kambusch and Wingo, 
is one of my dearest memories. It was the first time that I liad the 
opportunity of becoming intimately acquainted with Winge, and I 
was deeply impreiased at Bceing his excitement nnd joy over the mar* 
veloufslv rich bird life wbit li miikrs this particular spot one of tlie 
bright^ jewels in the natural scenery of oiir country to the lover of 
nature. He was not a closet philosopher ns one iiiigUt lie inclined to 
believe from a first superficial impre.'^sion. It was not merely old 
Itones that he knew and could decipher, perhaps better than aiiy- 
Ijodv else in the world: living nature os well he knew thoroughly, 
and loved it, one might almost say, fanatically • • The bir^ 

and the small mammals attracted him especially. At home, at his 
villa, he had bought the adjacent site in order to let it romoln as 
waste land, a saneuiary to birds and smoU mammals, and here, where 
no band was ever alloived to “put things in order” but where the 
wceils ivere free to spread, obeying only the law s of nature, he found 
groat enjoyment in observing the amaziingly rich animal life stirring 
in this small sanctuary in the middle of the clo.<>el_V’hiiilt villa quar¬ 
ter. You will understand from this that Winge must hove lieen an 
ardent ndvoi-ate of all iirotcction of nature. He fought particularly 
against the hunters in their fatally misconceived war of extermina¬ 
tion on all birds of prey, as his brother had previously done in his 
cxDcUcnt booklet “ Jaegemes skadeliga Dyr” (*‘Tbe Hunters’ Nox¬ 
ious Animals ”), n new edition of which Wingc took charge of and 
paid for in 1011. 

We have a very beautiful illustration of Winge's love of nature 
in his will, in which he directed that a fairly large part of his 
fortune (70,000 kr.) is to be used for purchasing a nature park in 
the neighborhood of Copenhagen, where animal life shall be abso¬ 
lutely protected. He has entnisted the University with this matter, 
which wdll. we may be sure, he carried out in strict accordance with 
his wisheiv 

One of the llihigs that made the greatest impression on us who 
knew Wingp was liis phenomenal knowledge of the birds’ voices. 
Not merely did he know the song of tlie various birds, but any sound 
which they can produce ho knew, and understood what it meant— 
thoir calling for each other, expression of fear, sound.s of warning, 
etc, Winge knew llic hinls' language, but he also knew* the art of 
making others understanil it. One of the first excursions held by 
the Xatiiral History .Association—in ItKKl—had the object of study¬ 
ing biivhs’ voices under the leadership of Winge. Several of us who 
joined thhi excursion rememljcr, I feel sure, w'ith deep joy how he 
stood there in the freshly leaved-out beech wood in “ Kmielundcn,” 
teaching us the ruirious trilb of the green warbler—which reminds 
one of a rattling silver coin. He then led ua to “Hvideganrd" 
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burial motuidi told us about the sorcerer of the Uronze Age, whose 
grave had been found there, who had with him in his grave bis 
leather bos w'ith the tnagic charms, » claw of the gosliawh, and 
several bits of animal renmins and pebbles, doubtless taken from the 
stomacli of the saiao bird, which was probably regarded as sacred 
by the people of the Bronze Age. He further told about the finds 
in a Bronze Age grave (Aalestrup Heath) w'hcrc there had been dis* 
covered, together with the remains of a young, scarce!v full-grown 
man, remains of biids, from which it was evident that sis pairs of 
wings of the jackdaw and two pairs of wings of the crow or rook 
had been laid on the funeral pile, together with the dead man, 
evidently w'ith tlie idea that these black wings should cany the soul 
to the unknown land. Wingc hud a profoundly poetical mind, and 
few are those, I think, wdio, more than ho, hare understood and 
enjoyed tlie beauty of nature, be it purely the beauty of the land’ 
scape in the extensive meadows at Ringk0hing Fjord, or in the 
beech wood just out, or in the chorus of birds in springtime. 

His 5rst sdentiHe paper Winge published os an undergradute when 
he was but 20 years of age. It is a very careful comparative ostoo- 
loglcttl onettomical description of the crania of the mole and shrow, 
which does not, however, sliow in any marked degree the cliaractcr'' 
istics of the future investigator. On the other hand, already in his 
nest paper “Om graeske Pattedyr ” (On Greek Mammals)* (*‘Vid. 
Medd,” 1881) we have Winge complete, with all his excellent qual- 
itic!^ his exactness in every detail, his careful observation of the 
habits of the living animals, his remarkable knowledge, 
the very carefully considered presentation, the interesting notes, 
and not least, his emphatic Lamarckism. • * • Especially in¬ 
teresting is his demonstration here of the fine oorres|>ondcnce between 
habits and morphological features in the structure of the teeth, the 
craoium, and the whole body of the field voles, characteristics which, 
according to Wingc, have arisen entirely as a result of their habits! 
Wo have here Uie train of reosoni^ that runs like a red thread 
through \\ inges whole life work; his pronounced Lamarckism. To 
him there was no doubt but that all the morphological and anatomi¬ 
cal cliaraeteristics of the animals had arisen as direct effects of tlieir 
habiLs. We get the impression (I never discussed it with him di¬ 
rectly) that he was even of the opinion that the verv animals con¬ 
sciously operatod to develop themselves, each in its special direcUon 
A few quotations will show this; " In order to lie able to watch and 
to get long limbs which might in time carrv them away from 
their enemies, the ungulates have from the very outset nracticed 
rising on tiptoe.” - What has happened on the way from reptiles to 
true ma mm als is tUs, that a series of alterations have arisen in conse- 
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c^uenc:^ of a more active life. Appetite for food hm fitaried evolution ; 
their own voracity and the fear of the voracity of others have made 
lizard-like reptiles use all their faculties with special diligence^ and 
they have worked their way forward to become niunmials.” It is 
training and use that condition developmerit^ The nccessaiy' premise 
i»^ of course, the mheritanra of acquired characters, and about this 
Winge had absolutely no doubt. True enough, it is at pre^t moro 
common to deny the inheritance of acquired characters, aa being at 
variance with our experience. The problem can—in my opinion— 
by no means be aiid to be solved as yet+ Afuch may be said, and is 
said, for as well as against it. I i^hallj of course, not here enter more 
in detail on this question w hich is the foundation of all Lamarckism. 
But it may probably be admitted that it is not likely that there w^ill 
be niuny who can fully share Winge’s point of view on thlB matter* 

The year after, 1S83, Winge published a paper “ Pattedyreues 
Tandskifte, isacr med Hensyn tU Taendernes Former “ (Tooth suc¬ 
cession in mammals particularly with reference to the forms of the 
teeth), which may well be designated as one of the works catf 
produced on this important subject* Had it been published in one 
of the universally knov^n languages it would at once have procured 
for Winge recognition as one of the most prominent maminalogists* 
As it was, it took a good deal of time before it was known at nil 
among the investigators of foreign countries. But IVinge imfisted 
that he would compel the naturalists of foreign countries to learn to 
road Danish* with the result that, even at present, after the course 
of half a century, Lhis treatii;^ is only partly kno^vn—and partly mis¬ 
understood, on account of the language- It is not necessarily given 
to every naturalist to be a linguistic genius, and it is not to be eie- 
pected that they should sacrifice half their lives m leanung all the 
possible—or impossihltwlanguagcs in which scientific papers may 
be published. The result is that such works are ignored, to the barm 
not only of the author, but often also to that of scienccp This was 
ejEaclly the case here* 

Tlic dentition in inammals and its phylogenetic development has 
been the subject of detuilctl studies from many i>oints of view', mid 
several theories have been advanced concerning this matter* The 
theory w^hich has won the most followers was first outlined by two 
American paleontologists, Cope and Osbom, and is named after 
them. It coincides in the main with IVinge^s theory though differ¬ 
ing in important particulars, but is distinguished by n much 
more cumbroiis terminology. If Wingers paper had been pub¬ 
lished in one of the universal languages, his thcon^ and his name 
would no doubt have won the acknowledgment that fell to the share 
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of Cope nnd Osborn ^ and many a theory, morn ingoDious than sue- 
i^rssfiil, as to the explanation of dentition would have beon tnwle 
superfluous. • * * i shall try in a few words bo givo an idea of 
what IVingo's theory aims at.' In the reptiles from which maininals 
are descended the teeth were not used for chewing^ only for match¬ 
ing and holding or rending the prey that was usually devoured 
whole. IVue mastication of food seems to have originated ivithin 
the mamrnalinn group and this involved a further development^ 
partly of the chewing musclesj partly of the teeth* Of special im¬ 
portance k the appearance in mammals of an entirely new muscle, 
the innsscter;, which through its attachment somewhat in front on 
the lower jaw* lends increased strength to the movements of the jaw. 
Ihiring the chewing and cutting process the lower jaw is moved 
not only biraight up and down, but also slightly to the sides, 
and forward and backward, thus bringing each of its teeth allema- 
tively into contart wdth the two tectli of the upper jaw betwcfcn 
whicli it His wlicn the chewing apparatus is at rest. These contacts 
stimulate the leetli to the development of secondary cusps, a process 
which chiefly nfleets the more po^crior teeth, that is, tlie ones 
which receive the muscle power most strongly* Itliereas in reptiles 
the teeth ore simply conicali they are in the oldest mammals threc- 
cuspklate (not counting some aberrant fonim)* The middle cusp is 
the largest and the primordial one* the two others are the new addi¬ 
tions due to contact stimulation. As nn inlieritaDoe from the rep- 
tilei», the lower jaw is slightly narrower than the upper jaw. Hence 
the teeth of the lower jaw mast slide along the inner aide of tlic 
teeth in the upper jaw* The act of chewing will thna have the 
grealer e fleet on (he outer side of the lower teeth and on the inner 
side of the upper teeth. Tlimngh the continuation of this influence 
the three-ciisped primitive imimmiilian teeth are further stimulated 
to the formation of new cusps, as a rule two of them, which* accord¬ 
ingly. Qpi>eiif cm the outer side of the lower teeth and on the inner 
side of the upper teeth. IVhereiis the lower teeth., set as they are 
in the narrow movable mandible, do not os a nik develop any 
further, still another pair of cusps may appear on the inner side of 
tlie upper teeth, which are broadly suppoHed in the solid maxilla. 
• • • At ilie $ianie time the three original, primitive mammalian 
cusps may l>e mhicwl, being less used, and, at last, they may com¬ 
pletely disappear* Tlic varinua cusps now being numbered, though 
in Winged sv^lem and not in strict accor<lance with their phylo¬ 
genetic succession (the primordial cusp bears the number i!), we 
have a means through which wo can indicate, with full certainty, 
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bow the varioufi cuaps in different mammals correspond to one 
another, and how the t'arious tootii forms baTc developed from 
ono another. In tlie diagram introduced by Winge we have an 
exceedingly simple, hut absolutely clear method of indicating the 
morphological vnliie of eveiy tootli form. 

It nioy {>er)m}ia appear somewhat exaggerated to attach such great 
importance to this unraveling of tooth relationship. It is, however, 
l>3’ no means so. The teeth in mammals reflect in such high degree 
the habits and organization of the entire creature that one may, ns 
it were, from a molar alone draw conclusions as to the wholo animaL 
The teeth [within certain limits]' form the main foundation for 
recognizing generic interrelations, lloreover, teeth are particularly 
fit for being prqserred in a fossil condition; of tlte oldest forms of 
tTiitinmals _ we know scarcely more than the teeth, at most now and 
then a fragment of a lower jaw. To have given the correct tie- 
ciphering of the tooth structure of mamniabf, is. therefore, a arien- 
tilic achievement that is in itself sulhcicnt for securing its author 
imperishable honor. But this is not Winge’s only achievement. 

In 1899 appeared the first volume of “ E. ilusco Liindii," the large 
work on Dr. K V. Lund’s collections of fossil bonc-'i from the lime¬ 
stone caves of Brazil, published at the expense of the Carlsberg 
Foundation. To this volume Winge contributed a large memoir 
Jordfundne og nulevende Gnavere" (Undents, fossil and recent). 
Tliis is the first of a long series of memoirs in which are succfcasively 
worked out: bats, marsupials, monkeys, carnivores, ungulates and 
edentates; the la-st of them appeared in 1015. ‘While Volume I 
contains contributions by Beinhardt, Liitken, Oluf Winge, and 
Sdren Hansen, tlie whole of tlie reiit of the work is exclusively 
Hcrluf Winge’s—truly a monumental accomplishment tliat will 
secure to Winge a place of honor among paleontologists and niam- 
malogists, carried out, as it is, with the greatest care and exactness, 
and witli an immense learning. While the first five of tliese me moil's 
are accompanied by a French rdsumo, the two last, and largest, are 
cxduaively in Danish. 

This work alone would be de.signated as a great life work. But 
Winge has yielded much more, T>!t me first mention that from 
1891-1910* he took charge of the annual reitort on the birds at the 
Danish lighthottses. Originating in England in 19T9, an arrange¬ 
ment was introduced in Denmark In the middle of the eighties, 
mainly on the initiative of Oluf Winge and by means of a small 
annual grant from the Government, by which all the birds that fall 
at tho Danish lights are to be forwarded to the Zoological Museum for 
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scientifie ]LlmitificatiDi]i. Tins is a far better plan ihan the English 
one, arcording to whicli the ligliikpej^crs merely forward a re^iort on 
ilie birds that hare been founds Denmark has tbo honor of being 
the only countri^ where these researches are carried on regtilarlv. 
They have ylidded very iin|Kirtaiit results, espccinJIj in the form 
qf highly interesting information about the traveling of the migrii* 
tory birds. In tlii-s roiinettion I should like to mention that Wingc 
gave, in the wurk '^Danmarks Kiitur ^ (*^Frein,” 1S07-1S{>0), an es- 
ceedingly beautiful and vivid description of the arrival and de- 
parture of migratory birds, a description which bas^ with perfect 
juatice^ been introduced into the Danish reading l>ooks of the 
schook. 

In connection with these bird i*cports I shall only Just mention 
his revision of the birds and tnummals of Greenland for the “Con¬ 
spectus Faunae Groenlandicao ” and hi$ book on Danish mammab 
in “Danmarks Fauna.” We may now pass to another main sec¬ 
tion of Winge-s life work: flis researches on bones and skeletal 
remains from the kitchen middens of the Stone Age^ and froni the 
graves of the Bronze Age, upon the whole all the remains of birds 
and roainmels from prehistoric times ooUoetod by our archeologists 
and geologists. Tliese researches were of the greatest Importance. 
It was through Wioge’^ researches that wc received the first decisive 
pruofsof the fact that the Stone Age comprises tw‘o different periods, 
the older and the younger, the people of the older Stone iVge being 
hunters, those of the younger Stone Age resident agriculturists who 
kept domestic animals. It is a truly enormous amount of material— 
hundreds of thoui^nds of bone fragments—that Winge w^ent over 
and identiricd with a phenomenal certainty; and we are in¬ 

voluntarily seized with admiration for the man who was able to 
carry through this imnionsely great and difficuLt work. Abo neigh- 
Iforing countrie^t both Sweden, JTorwayi iind Finland^ applied to 
Winge for help in similar work, and he was alw^ays ready to give 
his assistance. It is tlius not only the zoologists, hut to an equally 
high degree the geologists and archeologists who have reason to re¬ 
member Winge with the deepest gratitude. 

After the completion of all these works—Museo Liindii^” the 
works on the birds and the researches on the bone remnants from 
prehistoric times, it was Wingers purpoae to sum up tlie results 
of Ids studies of mammals in a great, comprehensive account of all 
mammals and their raiitunl rebtiouships. It was hia intention that 
this work should be, as it were, his scientific testament. * * * It 
became ao, alas, in a more direct meaning than he had probably imag¬ 
ined, as he died before it was finisherh He just lived to send out 
Volume I; Volume JI was in print; and the concluding Volume III 
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fortuniitfilj, also was so nearly ready that it carl be published quite 
unaltered, in full accordance with his plan* Winga himself paid 
the expenses of the publication, and he has also seen to it that the 
necessary means for meeting the remaining cxiienses are available. 
It is to be regretted tiiat the work ia written in Danish (without any 
summary in a foreign language), because it will thus be cut oS 
fnjin gaining the recognition in international science that it ought 
to have ns the comprehensive presentation of the results that one 
of the most eminent of mammalogists had reochecl through thei inde¬ 
fatigable and conscientious work of a long life, and through a 
unique mass of learning and an acute valuation of all characters. 
In an obituary of Winga in ** Nature ” (39.XI1,1923) this work is 
tharacterised as “ the finest, most comprehensire and most inspiring 
technical account of the class inamtualia that has ever been written.’’ 

Not being a specialist in Winge’s domain, I have great satisfaction 
in being able to lay before you the opinion of one of the nmst promi¬ 
nent foreign authorities in this field, namely of our member, Prof. 
Max IVebor, of lloltand. He wrote me, immediately after mv 
informing him of the death of Wingc, n letter that I beg to quote 
in extenso {in translation): “ Tour letter has filled me with sorrow 
through the deeply sad news tliut Witige lias suddenly departed 
from life, A few days before receiving your letter I iiad received 
from Wingc himself Part I of * PattedjT'JSlaegter.’ I wjis grcatlv 
delighted thereby, because, although the book is in great part a 
reprint of the comprehensive main sections of his extremeiy valuable 
moJiimalogical studies in ' E Musco Dundii,’ these main sections are. 
liow'ever, worked Up to date, whereby they become of ver^ imme¬ 
diate importance. • • • i ^^as just about to thank W’inge for 
his gift when jour letter came. It gives me, at least, the hope 
that the material for ihe following volumes lies ready. It would 
gladden my heart for tho sake of mammalngy, if it were so. For 
our knowledge of mammals is exceedingly indebted to W’inge. 
Through the originality of his mind, his extensive knowledge, his 
sharp criticism, tiie logical working out of his views, he decidedly 
belonged among the first mammalogkts of our day, • * • As a 
young graduate I frequently visited Norway; I was then interested 
in the writings of the Sars, father and son, and learned to read Nor¬ 
wegian, In this way also Danish soology was opened up to me, and 
1 discovered how many treasures lay concealed in Danisll garb, 
I thug bcciime an admirer of Danish zoological work. It was there¬ 
fore a source of gratification to me to he able to bring H. Winge’s 
' Om Pattedyrenes Tandskifte ’ of ISBS, which was practically un¬ 
known in non-ticandinavian circles, into full daylight, os it de- 
served, and to point out that IVinge is tlie real forerunner and origi- 
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natar of the ideas about the erolution of mainmaliaji teeth^ as thej 
aJts represented in tlic Cope-Osborn tlieoty, which has grown so 
funous. Unfortiinatcly, his nutnemiis later writitigs about mammals 
shared the same fate and did not become as well know n as they tie- 
served. I hare always been striving to caH attention to their great 
importance, llie Danisli language was a hindrance to making them 
known in wider eirdesT not to sx>eak of including them m the 
mummalogists^ every day liteniry apparatus. This has doubtless 
been to tlie great harm of science. * * * As I bad the privi¬ 
lege of knowing Winge [jersonally, I know his rductanco to publish 
in another language than bis mother tongue. I con thus iim^ne 
that til ere may bo ethical obstacles in translating into atiother lan¬ 
guage his " Pattedyr-SIaegtor/ which k, in realityt a kind of scien¬ 
tific testament. Otlierw'iee a translation of ^ Pattedyr-Slaegtcr ^ 
w^ould be a * monumentum aere perennius^^ which many might admire^ 
and which w'culd be of use to many^ while in its Danish garment it 
ifl confined to a small circle of admirers.'* 

1 hope with these words to have given you an impinssioe both of 
AVinge’s noble pcrsoaaJity and of his exceedingly great contribution 
to Danish ecieiicc. At the Zoological Museum, to which he oonsc- 
crated his powers fi'om hia earliest youth to his last day, nobody 
will for the present be able to fill hb place. AVe, bis colieagues, 
can never forget him* and also hera in the Academy of Sciences tliat 
had the honor of counting him among its inemborSj we shall cherish 
bis memory. 
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